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GENERAL INTRODUCTION TO THE SERIES. 

Dujung the past few years the civilised world has begun to realise the 
advantages accruing to scientific research, with the result tliat an ever- 
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Incn-ganic, and Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two cjc^vers a 
thorough treatment of any one of these brancihes, owing to the vast 
amount of inlbrmation that has been accumulated. The need is leather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned; and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fa(!t that our knowledge of the different sections of science docs not 
progress at the same rate. C'onsequeiitly, as soon as any particular 
])art advances out of ]:)roportion to others, the volume dealing with 
that section may be easily revised or rewrittt'ii as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece. 

In the original scheme, in addition to a detailed account of the 
elements of Group O, the general principles of Inorganic and Physical 
Chemistry were discussed in Volume I. It was later felt, however, that 
this arrangement was hardly satisfactory, and an Introduction to these 
principles is now afforded by my Text-book of Physical Chemistry, 
Volumes I. and II. (1982-35), whilst in future editions Volume I. of this 
Scries will deal with the Inert Gases alone. 

Hydrogen and the ammonium salts are dealt with in Volume II., 
along with the elements of Group I. The position of the rare earth 
metals in the Periodic Classification has for many years been a source 
of difficulty. They have all been included in Volume IV., along with 
the elements of Group III., as this was found to be the most suitable 
place for them. 

Many alloys and compounds have an equal claim to be considered 
in two or more volumes of this series, but this would entail unnecessary 
duplication. For example, alloys of copper and tin might be dealt 
with in Volumes II. and V. respectively. Similarly, certain double 
salts—such, for example, as ferrous ammonium sulphate-—might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
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under iron. As a general rule this difficulty has been overcome by 
treating complex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tin are detailed in Volume V. along with tin, since copper occurs 
earlier, namely, in Volurnc II, Similarly, ferrous ammonium sulphate 
is discussed in Volume IX. under iron, and not under ammonium in 
Volume II. The ferroeyanides arc likewise dealt with in Volume IX. 

But even with this arrangement it has not always been found easy 
to adopt a perfectly logical line of treatment. For example, in the 
chromates and permanganates the chromium and manganese function 
as part of the acid radicals and are analogous to sulphur and chlorine 
in sulphates and perchlorates; so that they should be treated in the 
volume dealing with the metal acting as base, namely, in the case 
of potassium permanganate, under j)otassium in Volume II. But the 
alkali permanganates possess such close analogies with one another 
that separate treatment of these salts hardl}^ seems desirable. They 
arc therefore considered in Volume VIII. 

Numerous other little irregularities of a like nature occur, but it is 
ho}>ed that, by means of carefully compiled indexes and frequent cross- 
referencing to the texts of the separate volumes, the student will 
experience no difliculty in finding the information he requires. 

Particular care lies been taken with the sections dealing with the 
atomic weights of the elements in question. The figures given are not 
necessarily those to be found in the original memoirs, but have been 
recalculated, except where otherwise stated, using the following 
fundamental values: — 


Hydrogen 

Sodium 

Potassium 

Silver 

Carbon 

Nitrogen 


1-00762, 

22*996. 

39*100. 

107-880. 

12-003. 

14-008. 


Oxygen 

Sulphur 

Fluorine 

Chlorine 

Bromine 

Iodine 


=:= 16*000. 
== 32*065. 

19*015. 
= 35*457. 

^ 79*916. 

126*920. 


By adopting this method it is easy to compare dire(;tly the results of 
earlier investigators with those ol‘ more recent date, and, moreover, it 
renders the data for the different elements strictly comparable through¬ 
out the whole series. 

Since the original scheme was drawn up in 1912, enormous progress 
has been made in all branches of eheniistry, and the original intention 
of devoting one book only to ea(di Vertical Group in the Periodic Table 
has had to be abandoned. In several cases it has been necessary to 
devote a whole book to a single element, as, for example, in the cases 
of oxygen, nitrogen, phosphorus and arsenic. Further, a separate 
volume has been devoted to the Metal-Ammines and a comprehensive 
account of the Organometallic Derivatives is given in Volume XI., which 
is being issued in four parts. 

The Editor would draw attention to the unsatisfactory state of the 
nomenclature of organometallic compounds in general. The designa¬ 
tions of compounds in Volume XI. are those used in the original memoirs, 
since any attempt to alter these in a work of that description would only 
complicate matters. 

Our aim has not been to make the volumes absolutely exhaustive, 
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as this would render them unnecessarily bulky and expensive; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is lioped that they will 
j)rove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, arc detailed in the subjoined lists, pp. xvii-xix. 

The addition of the Table of Dates of Issue of Journals (pp. xxi-xxviii) 
will, it is hoped, enhance the value of this series. It is believed that 
the list is perfectly correct, as all the figures have beett checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr. F. W. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves tlie suppre^ssion of the personality of the individual 
author to a eorresjionding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appre¬ 
ciation of the kind and ready manner in which the Authors have 
accommodated themselves to this task, which, without their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the imblishers, IMessrs. Charles 
Grillin & Co., who have done everything in their power to render the 
work straightforward and easy. 

J. NEWTON FRIEND. 

Neyvember 15)35. 




PREFACE. 

TiiK present work de als with the orgRiionietallie; derivatives of phos¬ 
phorus, antiniony and hisiniith, and it is th(‘ first time these eompounds 
of phosphorus and bismuth have been reviewed in detail. Some 2,000 
])}K>s])horus derivatives are described in the following pa^es. The 
antiniony section deals with about 700 eompounds, whilst the bismuth 
compounds number just over 100. 

The author desires to thank Professor G. T. Morgan, O.B.E., LL.D., 
F.R.S., for reprints and jierinissioii to use figs. J, 8, 4, 5; also the Royal 
So(aety for permission to reproduce figs. 1 and 3, and the Chemical 
So(*iety figs. 2, 4 and 5; Dr. W. J. Jones for reprints and jiermission 
to use fig. 2; Professor F. Challenger, D.Se., for r(‘prints; and Dorothy 
Goddard, M.Sc., for help with the index. 

A. E. GODDARD. 

“Th.allia,” 

Glen FIELD Fkith Dkivk, 

Groev Koad, 

Leicester, 

November 1935. 
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Fou tlie sake of easy reference, a list is appended of the more 
important journals in chronological order, giving the dates of issue of 
their corresponding series and volumes. In certain cases the volumes 
have appeared with eonsiderable irregularity; in others it has occa¬ 
sionally happened that volumes begun in one calendar year have 
extended into the next year, even when this has not been the general 
habit of the series. To complicate matters still further, the title-pages 
ill some of these latter volumes bear the later date—a most illogical 
procedure. In such cases the volume number appears in the accom¬ 
panying columns opposite both years. In a short summary of this kind 
it is impossible to give full details in each case, but the foregoing 
remarks will serve to explain several apparent anomalies. 


Year. 

Anier. 

S 1 

Ann. 

§ 

■fcc 

p 

h 

c« 5 

Fhi). 

Phil. 


J. Sci. 

C3 

P 

_ ^ _ ' 

Min. 

2 fls 


£ p 
^ p 

o < 

^ lc3 

Mag. 

Trans. 

O p 

p 

1800 


(1)32-35 




4-6 


5-8 

90 


1 


36-39 



• •• 

7 9 


8-11 

91 


2 


‘10-43 




10 12 


11-14 

92 


8 


44-47 




13-15 


14-17 

93 


4 


48-51 




16-18 


17-20 

94 


1806 


52-55 




19-21 


20-28 

95 


6 


."je-eo 




22-24 


23-26 

96 


7 


61-64 




2f»-27 


26-29 

97 

... 

8 


65-68 




28-30 


29-32 

98 


9 


69-72 




31-33 

(l)l^ 

33, 34 

99 


1810 


78-76 




34-36 

2 

35, 36 

100 


11 


77-80 


... 


37-39 

3 

37, 38 

101 

... 

12 


81-84 




40-42 

4 

39, 40 

102 


13 


8.5-88 


1 


43-45 

i 5 1 

41, 42 

103 

... 

14 ; 

... 

89-92 




46-48 

6 

43, 44 

104 

... 

1815 


93-96 




49-51 

(2)1 

45, 46 

105 


16 


(2) 1-3 i 




52-54 

2 

47, 48 

106 


17 


4-6 

b 2 



,55-57 

3 

49, 60 

107 


18 


7-9 

3 



58-60 

4 

51, 52 

108 


19 

(i)‘i 

10-12 

4 



61-63 

5 

53, 54 

109 

... 

1820 

2 

13-15 

5 


1-3 

64-66 

6 

' 56, 56 

110 


21 

3 

16-18 

6 


4-6 

67 69 

7 

57, 58 

111 


22 

23 

4, 6 

19-21 

7 

1 , 2 

7-9 

1 70-72 

8 

59, 60 

112 


6 

22-24 

8 

3-6 

10-12 

: 78-75 

9 

61, 62 

113 

... 

24 

7, 8 

26-27 

9 

7-10 

13-15 

1 76 

10 

63, 64 

114 

1 , 2 

1825 

9 

28-30 

10 , 11 

11-14 

16-18 

1 

Itj 

11 

65, 66 

115 

3-5 

26 

10 , 11 

31-33 

12, 13 

15-19 

19-22 


12 

67, 68 

116 

6-8 

27 

12 

34-36 

(2)1, 2 

20-23 

23-26 

i S c 
"-Opli. p 

13 

(2)1, 2 

117 

9-11 

28 

13, 14 

37-39 

3, 4 

24-26 

27-30 

§ s5 

14 

3, 4 

118 

12-14 

29 

16, 16 

40-42 

1 5,6 

27-30 

31-34 

lo 

1 

15 

5, 6 

119 

15-17 


* First serios known as BuHctin dt Pho/CDuxcic. 

zzi 














ORGANOMETALLIC COMPOUNDS. 


Sitzungsber. 
K. Akad. 
\Viss.Wien. 




CO 

• • • rH » 

' * • d 

rH 

IQ It. OS rH 
...... 1 

Tp fO 00 O CM 

t—H rH 

00 d It CO a) 
rH OJ d CO CO 

1 1 I 1 1 

IQ 05 CO 00 Tp 

pH rH d Ol CO 

Quart. 

J. 

Clieni. 

Soc. 

1 ::::: 



, , ^ 01 CO 

r-T d" 

CO tP IQ FQ !>. 

00 OS O rH d 

p^p^r/2 

j : : ^ : 

; : : : 

• • • tjp : 


. . It 

. IQ . . ^ 

■ CO 

CD 

It CZS OS OJ rH 

oT 

c3 

a 

< 

o M o CO 

Cl (N O'* CO CO 

1 1 1 1 f 

IX) t-h f-H 

rH (M <M 01 CO 

i:d os Cl >cs oo 

CO TP tP --P 

1 1 1 I 1 

tP It. o CO 

CO CO Tp -rjl -p 

49-51 

52-54 

55-57 

58-60 

61-63 

<r> OS d iQ oo 

CO CO lx. It. It. 

1 1 1 1 1 

Tp It. O CO CO 
CO CO 1 t I’- It. 

r-H Tp 1.. O 00 

00 00 c» OS OS 

1 1 1 1 i 

OS d IQ 00 rH 
I'T 00 00 00 OS 

94-96 

97-99 

100-102 

103-105 

106-10S 

• Cfl 

p 

rP ca 

D-l 

O »-i Cl CO «rft 

^ ^ Cl ^ ^ 

ICS «o I', cy' Oi 

d Cl Cl d (d 

rH rH F—i rH rH 

O rH Ol CO '-P 
CO CO CO CO CO 

IQ CO It. or,' Oj 
CO CO CO CO OO 
rH r-T r-t I-H r-H 

140 

141 

142 

143 

144 

IQ CO It CO os 

Tp tP TP -P TP 

Phil. 

Mag. 

O 

00 rH ^CO ‘O 

^ ^CO .. 

OS ^C1 rf 

1—( 

rH CO ICS 

ts. OS rH rH rH 

fS 00 o' cf tp 

It. OS •— CO ICS 
rH r-l d (M Ol 

ecT 00 o" d' TP 

rH f-T d d d 

It. OS rH CO IQ 
Ol d CO CO CO 

to <Xj o' of tp' 
(M d CO CO CO 

I t cm 

00 „ tP CO 00 

CD _ CO*' IQ It 
CO ^ 

O d tP CO 00 

rH rH r-H rH pH 

OS rH CO IQ It 
pH r-H tH r-H 

-M 

P PI 

O 

^ 


J. 

prakt. 

Cheni. 

.... CO 
• : ■ • 1 
• ^ 1^ 

1. » ICS CO 
?0 OS rH rr rH 

tP l-i O ci 4' 

tH rH rH 

rH TP O CO 

d (M d CO CO 

1 1 1 1 1 

OS (M IQ 00 rH 
rH (d d d CO 

CO C3S d IQ C/J 

CO CO Tp tP .p 

1 1 1 1 1 

Tp It, o CO CO 

CO CO TP Tp rp 

rH -p It O 00 

IQ IQ IQ CD 'O 

O . Dl IQ OO rH 

Tp Ift IQ IQ '£) 

CO OS CM IQ X} 

CO CO IT 1 .. It. 

1 1 1 1 1 

Tp It o CO CO 

CO CD It It It 

. § s 

«C> 00 os o 

rH rH »H i-( Cl 

rH Cl CO ICS 

C>1 d d d d 

(M 

^l^rH*'^^ 

^^'^'-C0^Q' 

CO 

O Cl Tp CO 

oo rH I-H rH rH 

ItT oJ rH CO IQ 

00 o d -p CO 

rH CM d 01 d 

1 T oT rn" CO kQ 

I-H pH 01 d 01 

CO o c:i Tp CO 

CM CO CO Ci.' CO 

It oT r-i'c6'ia 
d Cl CO CO CO 

fee . 

S ^ 

00 Cl W O ^ 
CO lO iO 

1 1 1 1 1 

UO os CO OO rH 

00 CO Tj* TP UO 

00 <M 'O O tp 
ICS 'C «? I'- l'- 

! 1 1 1 t 

ICS Cj CO rH 

ICS ICS CO w 

00 01 CO O -p 
|T. CO OO C?S OS 

1 1 1 1 i 

IQ Oj CO t.- rH 
1'. It. 00 00 OS 

d CO O tP 

CO O C- I-H rH 

OS rH I-H rH I-H 
! 1 1 1 1 

IQ OS CO 1 t rH 

OS OS O O r-T 

115-118 

119-122 

123-126 

127-130 

131-134 

00 d *0 O -p 

CO HP TP »Q IQ 

7 7 7 7 'T 

IQ OS CO It r-( 

CO CO tP Tp IQ 
rH rH pH iH pH 

O g 
o "" 


CO IQ It. OS 
rH .. r r r. 
d HP <0 00 

rn CO IQ It. OS 
rH i-H rH rH r-H 

o' O'f tP <:d' Ot^ 

rH r-H rH rH rH 

rH 0'S IQ I t Oi 

CM r.'i d CM d 

O (M Tp O OcT 
d d oi d d 

rH CO IQ It Oi 

CO CO CO CO CO 

o' CM* Tp** CD txT 
CO CO CO CO CO 

rH CO IQ IT OS 

Tp Tp -P Tp -r 

o' cm" tP* ecToo” 

Tp tP tp tp 

S d S 

SS3 


: : : : : 

: : i : J 

i : i i i 


: ; 


31-34 

35-39 

40-43 

44-47 

48-50 

Cl rc o 

1 00 F-l T-H Cl 

1 1 ! 1 

^ iQ OS CO It. 
d f-H T-t 

Tp oo d «o o 

d Cl CO CO tp 

1 1 1 1 1 
rH lO OS CO It. 

d Ol d CO 00 

tP 00 CM CO O 

Tp TP UCr »Q ?0 

1 i ! 1 1 

rH IQ Os CO It 

Tp TP tP JQ IQ 

Tp 00 CM CO O 

CO CO It 1-.. oo 

1 1 1 1 1 
rH IQ a.' CO It 

CO CO CO It It 

O 

tP OO d CO o 

00 00 Os OS rH 

1 1 1 1 1 
rH »Q Os CO It 

00 00 00 OS Os 

Ann, 

Mines. 

d 

00 . 

i-i •^eoia 

CO 

O d Tp «o 

00 rH rH rH rH 

oT rH CO 
rH iH iH 

00 O <d 

rH d --P ?D 
^rH 

*'* O*:;^C0iO 

o d TP CO 

00 rH rH rH rH 

It. OS I-H CO IQ 
rH I-H rH 

00 o d 

tH d tP CO 

l'ros'''^Co'' IQ** 
pH rH iQ 

O d tP CO 

00 pH r-i pH pH 

It os pH** Co” iq” 

Ann. 

Cliini. 

Pliys. 

ICS 00 I-I UJ i>. 
tP -Ft UO so ICS 

1 1 1 1 1 

CO OS <N <0 

Tp ICS ICS 

O CO X> os d 

«0 <0 «0 CO (t. 

1 1 1 1 1 

00 l-H TP o 

ICS CO CO CO It- 

iQ M d 

It. 1 CO CJS rH 

JL’"^ ' 1 • 

CO c 

It. ^ rH 

13-15 

16-18 

19-21 

22-24 

25-27 

28-30 

31-33 

34-36 

37-39 

40-42 

IQ 00 rH tP It, 

Tp Tp IQ IQ IQ 

1 1 1 1 1 

CO CO OS d uQ 

Tp Tp tP IQ IQ 

Annalen. 

(d 

: :t'T7 

' rH ICS G& 

CO O Tp 00 <M 
rH d d (M CO 

I 1 1 1 1 

CO It, rH IQ OS 
rH rH d d d 

o Tp 00 d 

CO Tp Tp TP HQ 

1 1 1 1 1 

CO It. rH IQ OS 

00 CO tP TP tP 

CO O Tp oo d 

lQ«OCOCOlT. 

1 1 1 1 1 

CO It, rH IQ OS 

IQ iQ CO :o CO 

CD O TP 00 CM 

It 00 00 00 OS 

1 1 1 1 1 

OO |t rH IQ CIS 

It It 00 00 00 

93-96 

97-100 

101-104 

105-108 

109-112 

! 

Amer. 

J. 

Sci. 

17, 18 
19, 20 
21, 22 
23, 24 
25-27 

OSrHCOiQlT. 

d CO CO CO CO 

ocTo d Tp cd 
d CO CO CO CO 

OS rH CO IQ !>. 

CO TP TP TP 

co' cT d" ecT 

CO Tp TP TP tP 

o 

lO hTP CO 00 

1 ^ r. 

00 ■'-T.P2 ^ 

tP d 

O d TP CO 00 

rH rH rH rH r— 

OT r-H CO IQ*' It 
pH rH pH pH 

O d Tp CO 00 
d M d d d 

os pH CO LQ It 
rH d d d d 

Year. 

O rH d CO 

CO CO CO CO CO 

00 

rH 

IQ CO It. 00 os 

CO CO CO CO CO 

00 

rH 

O rH d CO TP 

TP tP TP TP 

00 

rH 

IQ CO l-T 00 OS 

TP TP .,p .ip tP 

00 

rH 

O PH d CO Tp 

IQ IQ IQ IQ IQ 

00 

rH 

IQ CO It oo OS 

IQ IQ IQ IQ IQ 

00 

rH 
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Joining Series 1 and 2 together. Also written as ( 3 ) 1, 2 , 3 , etc. 
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See footnote, p. xxii. 
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CHAPTER I. 

ALIPHATIC PHOSPHORUS COMPOUNDS. 

Compounds of the Type HPHa. 

The primary alkyl phos})hines may be prepared by the general method 
indicated by the following ecpiations ; 

2 RI + 2 PH 4 I H-ZnO = 2 RPIlo.ni +Znl 2 -I H^O 
2111 + PH 4 I f ZnO = RgPIl.HI + H/) + ZiiTg 

The main product of the reaction is a })rimary phos])hine, but some 
secondary phosphine is obtained as a by-product. The reaction takes 
place when the com])onents are heated together in a scaled tube at 
about 150® C.; ?i-octylphosphinc, however, requires a temperature of 
160® to 180° to complete the reaction. Methyl})hosphine is a gas, 
and the remaining six members of the class m IucIi have been prei)ared 
arc transparent liquids. "J'he lower members have extrenudy obnoxious 
odours, the pungenc^y decreasing somewhat with rising molecular 
weight. With the exception of the iveamyl- and n- 0 (tyl derivatives 
all have boiling-})oints below 100 ° C. There is a tendency towards 
inflammation in contact with air in the case of the lower members, 
and fuming nitric acid may cause inflammation and formation of the 
corresponding phosphinic acid. Chlorine and bromine react with 
sufficient violence to cause inflammation in the case of the methyl- and 
ethyl-derivatives. Halogen acids combine with the phosphines, form¬ 
ing salts which have well-defined crystalline forms. 

Methylphosphine, CH3.PH2, may be obtained in several ways : 
( 1 ) A mixture (‘ontaining one part of zinc oxide, two parts of phos- 
phonium iodide and two parts of methyl iodide is heated for four hours 
in a sealed tube at 150° C.^ The n'action produces both primary and 
secondary phosphines, which are separated as follows : The reaction 
mass is treated with water in an atmosphere of hydrogen, whereby 
methylphosphine is liberated from the hydriodide, whilst the residue 
contains the zinc iodide double salt of dimethylphosphonium iodide. 

1 Hofmann, Her., 1871, 4 , 606. 
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4 oeganometallic compounds. 

(2) By the action of methyl iodide on a solution of white phosphorus^ 
in sodium hydroxide,^ The product in this case is contaminated with 
secondary and tertiary phosphines. ( 8 ) By heating for several hours 
at about 250° C., 1 gram-atom of white phosphorus with 2 gram- 
molecules of methyl alcohol in a sealed tube, the following by-products 
also occurring: phosphine, phosphoric acid, phosphinic acids and 
tetramethylphosphonium hydroxide.^ (4) By heating a mixture of 
phosphoriium iodide, zinc oxide and chloroform at 100 C.® 

Methylphosphine is a colourless, transparent gas, having a vile 
odour. It begins to liquefy at 0° C, at 1*75 atmospheres pressure, the 
liquid being colourless and mobile, B.pt. -14° C. at 758*5 mm.^ It is 
practically insoluble in water, somewhat soluble in alcohol, and one 
volume of ether at 0 ° C. dissolves 70 volumes of methylphosphine. 
It readily oxidises and forms white fumes in contact with the air, soon 
catching lire, particularly on gentle warming. In contact with chlorine 
or bromine it burns with a brisk flame. When passed into fuming 
hydrochloric acid or mixed with hydrogen chloride it yields the hydro¬ 
chloride, CH 3 .PII 2 .TICl, whicdi crystallises in four-sided plates. These 
are volatile in ether vapour ; their solution in concentrated hydro¬ 
chloric acid gives an orangc-red plaUniehloride. In a similar way a 
hydriodide may be obtained which crystallises in plates and may be 
sublimed in a cxirrent of dry hydrogen. When passed into fuming 
nitric acid, methylphosphine is converted into mcthylphosphinic acid. 

Ethylphosphine, C 2 H 5 .PH 2 .—This is prepared by the following 
methods : ( 1 ) A mixture of one part of zinc oxide, four parts of phos- 
phonium iodide and four parts of ethyl iodide is digested for six to 
eight hours at a temperature not exceeding 150° C.® The reactions 
taking place are as follows : 

‘iCallgl + 2PI1J + ZnO - 2 C 2 H 5 .PH 2 .III + Znlg + H 2 O 
2 C 2 H 6 I + PHJ f ZnO - (C 2 H 5 ) 2 .PH.HI + HgO + Znia 

The chief product is primary phosphine, which is liberated in a hydrogen- 
filled apparatus by slowly heating to boiling in a stream of hydrogen 
and pouring the boiling liquid into cold water. The oil which separates 
is primary phosphine and is dried over potassium hydroxide. (2) 
Ethylene dibromide, phosphonium iodide and zinc oxide are heated 
for six hours at 160° C.® ( 8 ) One gram-atom of white phosphorus 

and 2 gram-molecules of alcohol are heated in a sealed tube for many 
hours at about 250° C., the following by-products also occurring: 
phosphine, phosphinic acids, phosphoric acid and tetraethylphos- 
phonium hydroxide.*^ 

The phosphine is a colourless, strongly refracting liquid, having a 
very objectionable odour. It boils at about 25° C., is lighter than 
water and insoluble in it. The vapour attacks cork and rubber, and 
in contact with chlorine, bromine or fuming nitric acid the phosphine 
inflames. It combines with sulphur, yielding a non-crystalline sub¬ 
stance. With concentrated halogen acids it forms salts, the hydro- 

^ Auger, GompL rend., 1904, 139 , 640, 671. 

* Berthaud, Compt. rend., 1906, 143 , 1166. 

» Hofmann, Ber., 1873, 6 , 302. 

^ Hofmann, ibid,, 1871, 4 , 608. 

^ Hofmann, ibid., 1871, 4 , 430; Hofmann and Mabla, ibid., 1892, 25 , 2437. 

• Hofmann, ibid,, 1873, 6 , 302. 

’ Berthaud * he. cit. 
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chloride forming a platinichloride which separates in carmine-red needles. 
The hydriodide crystallises in white, four-sided plates, subliming in a 
hydrogen atmosphere at 100 ° C. The salt is decomposed by water, 
but can be kept unchanged in dry air; it dissolves in alcohol, but 
decomposition soon sets in, and it is insoluble in ether, the only solvent 
in which it is perfectly stable being concentrated hydriodic acid. 
The addition of ether to such a solution causes the precipitation of 
the hydriodide in crj^stals 1 . cm. in length. When an ether solution 
of phosphine and cyanogen chloride is heated for several hours at 
100 ° C., rhombic plates arc isolated from the reaction mixture ; these 
melt at 49° to 50° C. and correspond to the formula, C 2 H 5 .PH(CN).^ 
n-Propylphosphine, CH 3 .CH 2 .CH 2 PiJ 2 *—is prepared by 
heating a mixture of 21-25 grams of propyl iodide, 20-25 grams of 
phosphoniurn iodide and 5*1 grams of zinc oxide in a sealed tube at 
160° to 170° C. The reaction product is then decomposed by water 
to separate the primary from the secondary phosphine which occurs 
as a by-product.^ The phosphine is a colourless licpiid of disagreeable 
odour, B.pt. 53° to 53*5° C., inflaming in air. 

iso-Propylphosphine, (CTl 3 ) 2 .CH.PH 2 .’^—This phosphine is ob¬ 
tained in the usual manner by heating 2 gram-molecules of /. 9 opropyl 
iodide, 2 gram-molecules of phosphoniurn iodide and 1 gram-molecule 
of zinc oxide in a sealed tube at 100 ° C., and decomposing the reaction 
mass with water. It boils at 41° C., and is lighter than and insoluble 
in water. 

iso-Butylphosphine, (CIl 3 ) 2 CH.CH 2 *l^H 2 , occurs when the iso¬ 
propyl iodide in the preceding preparation is replaced by ?>obutyl 
iodide. It is a liquid, Il.pt. 62° C. 

iso-Amylphosphine, C 5 HJ 1 .PH 2 , is prepared by heating i^oamyl 
iodide, phosphoniurn iodide and zinc oxide in a sealed tube at 140° to 
150° C. It has also been obtained by heating i. 9 oamyl phospliinous 
acid at 60° to 135° C., ivoamylphosphinic acid occ'urring as a by-product.^ 
The phosphine occurs also when woamyl iodide reacts with a solution 
of white phosphorus in alcoholic sodium ethylate.*’* It is a licjuid, 
B.pt. 106° to 107° C.,® 106° to 108° C.’ It is oxidised to woamyl- 
phosphinic acid by nitric acid, the mixture inflaming. 

n-Octylphosphine, CH 3 .(CH 2 ) 6 -CH 2 .PH 2 .®—w-Octyl iodide, phos- 
phonium iodide and zinc oxide are heated in a sealed tube at 160° 
to 180° C. The phosphine is a transparent, mobile, highly refraitive 
liquid, having a pungent odour. It' boils at 184° to 187° C., and has 
a density of 0*829 at 17° C. In alcohol, benzene or chloroform it 
readily dissolves, but is insoluble in water and mineral acids. It is 
violently attacked by fuming nitric acid unless previously diluted with 
glacial acetic acid, a spermaceti-like mass resulting. The phosphine 
slowly absorbs oxygen, forming n-octylphosphinous acid, which gives 
a white curdy silver salt. With hydriodic acid the hydriodide results 
as a crystalline solid, soluble in ether. 

^ DarmstMter and Henniger, Ber.^ 1870, 3 , 179. 

® Parthoil and Gronover, Arch, Pharm., 1903, 241 , 411. 

* Hofmann, Ber,, 1873, 6 , 294. 

« Guiohard, Ber,, 1899, 32 , 1572. 

® Auger, Gompt. rend,, 1904, 139 , 641. 

® Hofmann, loc, cit, 

’ Guiohard, loc, ciU 

» Mdslinger, B&r,, 1876, 9 , 1006; Annalen, 1877, 185 , 65. 
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Compounds of the Type RgPH. 

The prepcTration of the dialkyl phos])hines has already been in¬ 
dicated in eonne(?tion with the primary phosphines on j). 3. The 
lower members are spontaneously inflanimablc in air and combine 
with sul})hur, while all combine readily with acids to form salts. 

Dimethylphosphine, (CH 3 ) 2 PH.^—This occurs as described under 
methylphosphinc, }). 4. It is a colourless liquid, B.pt. 25° C., lighter 
than water and insoluble in it. When dissolved in hydrochloric acid 
it may be oxidised to dirnethylphosphinie acid by means of fuming 
nitric acid. It is easily oxidised and inflames in air. It readily com¬ 
bines with acids, all the salts being easily soluble. The hydrochloride 
yields a crystalline platinichloride. The ]^hosphine unites with sulphur 
and carbon disulphide. 

Diethylphosphine, (C2H5)2PH.2—This is prepared according to 
the equations given under ethylphosphine (]). 4). It is a colourless, 
strongly refractive, mobile lirjuid, B.]>t. 85° (\ It has a ])enetrating 
odour and is lighter than water. Its ether solution reacts with sulphur, 
forming diethyldithiophosphine sulphide^ (C 2 H 5 ) 2 pS.S.S.S.PS(C 2 ^^ 6 ) 2 > 
whi(?h is converted by ammonium sulphide into ammonium diethyl- 
dithiophosphinate, (C 2 ri 6 ) 2 PS.S.NIl 4 . The phosphine dissolves in acids, 
but with the exception of the hydriodide^ the salts are difficult to 
crystallise. The hydrochloride yields an orange-yellow platinichloride^ 
crystallising in prisms. The salts are stable towards water. 

Di-isopropylphosphine, 1 (CH 3 ) 2 CHJ 2 PH,® occurs when wapropyl 
iodide, phosphonium iodide and zinc oxide are heated together at 
100 ° C. The phosphine boils at 118° C., is lighter than water and in¬ 
soluble in it. 

Di-isobutylphosphine, [(Cll 3 ) 2 .CH.CH 2 ] 2 PH, is a liquid, B.pt. 
153° C., prepared in a similar manner to the })reeeding derivative. 

Di-isoamylphosphine, (C 5 Hi,) 2 PH. —woAmyl iodide, phos¬ 
phonium iodide and zinc oxide yield this phosphine when heated 
together at 140° to 150° (\ The phosphine is a liquid, B.pt. 210 ° to 
215° C. 

Compounds of ruF . Type R3P. 

The trialkyl j:)hosphines may be prepared in a variety of ways ; 

( 1 ) By treating magnesium alkyl halides with phosphorus tri¬ 
halides : 

3RMgX + PX 3 = R 3 P I-3MgX2 

( 2 ) The double salts formed by the interaction of zinc dialkyls 
and phosj)horus trihalides yield tertiary phosphines on treatment with 
potassium hydroxide : 

3ZnR2 + 2 PX 3 =-2R3P 4 SZnXg 

( 8 ) By heating alloys of sodium and phosphorus with alkyl halides : 

Na3P4 3RI=:R3P4 3NaI 

(4) The action of heat on a mixture of secondary phosphine and 
alkyl iodide, and treatment of the product with alkali, has produced 

* Hofmann, Ber,, 1871, 4 , 605. 

* Hofmann, ibid., 1871, 4 , 433; Hofmann and Mahla, ibid,, 1892, 25 , 2437. 

* Hofmann, ibid., 1873, 6 , 294. 
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certain trialkyl phosphines containing secondary radicals, e.g, tri-tVo- 
propylphosphine. The yields arc not good and the products are some¬ 
what imjmre : 

(5) When phosphonium iodide and an alcoliol are digested for a 
long period at a high temperature, a mixture of trialkylphospliine 
hydriodide and tetra-alkylphosphonium iodide results : 

PII 4 I + 3 R.OH-H 3 P.HI +SH 0 O 

PH 4 I + 4R.OH = R 4 PI 4 411,0 “ 

This method and the following one have only l)een aj)plied to methyl 
and ethyl compounds. 

(0) In this (\ase the alcohol in the foregoing method is replaced by 
ether, the rea(‘tion theji ])roeeeding at a low(‘r temperature : 

2 PH 4 I 4 311,0- 2 R 3 P.ilI +311,0 
PHJ + 211,0 -R 4 PI + 211,0 

(7) Trimethylphosphine has been isolated ae(‘ording to the following 
equations, tetramelhylj^liosphonium iodide oeeurring at the same time : 

Pll3+3Rl-R3P.Tn+2llI 

PII 3 + 4 RI-R 4 PI+ 3 HI 

(8) AVhen phosphonium iodide and carbon disulphide are lieated 
together, trimethylphosphine hydriodide is formed: 

3( 8 , + 4 PH 4 I - (CH 3 ) 3 P.lir +311,8 +3PSI 

The mixed tertiary phosphines are obiained by subjecting mixed 
tetra-alkylphosphonium compounds to dry clistillatiou : 

((1I3)(C,11,)3P(4 - ((TI3)((^H5)3P.11C1 4 (',114 

In all eases of jnixed alij)hatie tertiary phos])hines givcji in the following 
pages an ethyl group is removed from the phos})honium compound 
used as starting material, although a heavier groiqi may be present in 
the molecule. 

All the tertiary phosphines are highly refractive licpiids, lighter 
than and insoluble in water. Those of low molecular weight readily 
absorb oxygen from the air, yielding oxides ; they also have inde¬ 
scribably unpleasant odours. The compounds combine with sulphur, 
selenium and carbon disulphide, forming respectively sulphides, selcnides 
and compounds of the type 

R 3 P-(S 



Mercuric chloride and the chlorides of gold, platinum and palladium 
form double compounds with some of the phosphines. Combination 
of the phosphines with alkyl iodides forms tetra-alkylphosphonium 
compounds : 

R3P + RI-R4PI 

Trialkylphosphine Oxides ,—These compounds result when the 
trialkyl phosphines are oxidised directly by atmospheric oxygen, or 
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by nitric acid or mercuric oxide. Decomposition of tetra-alkylphos- 
phonium Jiydroxides by heat also yields the oxides. A more general 
method consists in treating phosphorus oxychloride with magnesium 
alkyl halides, the reaction mixture subsequently being decomposed by 
hydrochloric acid. The oxides form many double compounds with 
metallic salts and organic acids. 

Trialkylphosphine Sulphides and Selenides .—When an ether solu¬ 
tion of a trialkylphosphinc is treated with flowers of sulphur, the latter 
gradually disappears, removal of the solvent and boiling of the residue 
with water then giving tlie sulphide in crystalline form. The ethyl 
compound has also been obtained by the interaction of triethylphos- 
phine and ethyl mercaptan in the presence of air. The selenides are 
})repared in a similar manner, but are rather unstable on ex])osure 
to the air. 

Trimethylphosphine, (CH 3 ) 3 P, maybe prepared as follows: (1) 
Methyl chloride is passed over a phosphorus-calcium alloy, dimethyl- 
phosphorus, I (CH 3 ) 2 P]a-, being formed at the same time.^ (2) By the 
action of methyl iodide on a phosphorus-sodium alloy, the by-products 
being dimethylphosphoriis and tetramethylphosphonium iodide.^ (3) 
By the interaction of phosphorus trichloride and zinc dimethyl.^ This 
reaction is dangerous to carry out and the containing vessels should 
be well cooled and kept full of (*arbon dioxide during the reaction, 
w'hich takes place readily and lasts for several hours. Two layers of 
liquid are formed, and the lower one is withdrawn and distilled with 
potassium hydroxide, which releases the phosphorus base from its 
zinc compound. The phosphine passes over in the steam and collects 
in the receiver on the surface of the water, from which it is separated, 
and after drying over solid potassium hydroxide it is distilled in a 
current of dry hydrogen. (4) By saturating methyl iodide at -10° C, 
with phosphine and heating to 100° or treating 1 volume of methyl 
iodide with 1 volume of a saturated ether solution of zinc iodide, cool¬ 
ing to ~10° C. and saturating the mixture with phosphine. Shining 
crystals of the zinc iodide double compound are obtained, these being 
treated with potassium hydroxide as before. In the first of these two 
processes the crystals separating out arc probably a phosphonium 
compound.^ (5) One part of carbon disulphide and three parts of 
phosphonium iodide are heated in a sealed tube at 140° to 150° C.® 
(0) The hydriodide of trimethylphosphine is formed when phosphonium 
iodide and dimethyl ether are heated together in a sealed tube for 
one to two hours at 120° to 140° C., tetramethylphosphonium iodide 
occurring as a by-product.® (7) The hydriodide also occurs when one 
molecular equivalent of phosphonium iodide and three molecular 
equivalents of methyl alcohol are heated in a sealed tube for six to 
eight hours at 160° to 180° C., the by-product being tetramethylphos¬ 
phonium iodide.’ 

1 Thenard, Jahresber., 1847-1848, p. 645; Co7npt rend,, 1847, 25 , 892; Phil, Maq,, 
1848, [3J, 32 , 153. 

^ Cahottra and Hofmann, Annalen, 1867, 104 , 1. 

® Hofmann and Cahours, Trans. Chem. Soc,, 1869, Z2, 66; Oahours and Hofmann, loc, 
cit. 

* Dr^hsel and Finkelstein, Ber., 1871, 4 , 352; Hofmann, ibid., 1871, 4 , 372. 

* Brechsel, J, prakt. Ghem., 1874, [ 2 ], 10 , 180. 

* Fireman, Ber., 1897, 30 , 1088. 

^ Hofmann, Ber,, 1871, 4 , 205. 
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Trimethylphosphine is a colourless, transparent, very mobile liquid 
of exceedingly unpleasant odour. It boils at 40® to 42® C., is highly 
refractive, and lighter than and insoluble in water. In contact with 
the air it fumes and is apt to inflame, oxidation taking place with forma¬ 
tion of its oxide. It combines also with sulphur and selenium, the 
operation being conducted in ether solution. It yields the following 
platinichlorides: [(CH 3 ) 3 P]PtCl 2 , crystallising from ether or alcohol 
in yellow prisms Clf(CH 3 ) 3 p]Pt[(CH 3 ) 3 p]Cl, white crystals, insoluble 
in ether; 2 (CH 3 ) 3 P. 2 HCl.PtCl 4 , an orange-yellow ciystalline precipitate.^ 
The phosphine combines with carhofi disulphide, yielding a red crystal¬ 
line compound, (CH 3 ) 3 P- CS.^ The condensation is brought about 



simply by mixing the components or using an alcohol solution of the 
phosphine. The compound has similar properties to the correspond¬ 
ing ethyl compound, p. 10. Ether solutions of the derivative, when 
allowed to stand for twenty-four hours are gradually converted into 
trimethylphosphine sulphide. The phosphine forms compounds with 
methylene iodide, ethylene, ^nopylene and amylene bromides,^ and ethyl, 
ethylene, allyl and phenyl thiocyanates, Trimcthyl])hosphine does not 
react with zinc ethyl,® which distinguishes it from primary and 
secondary phosphines, which are readily attacked. It combines with 
monochloracetic acid to yield a betaine, see p. 44.® 

Triethylphosphine, (C 2 H 5 ) 3 l\ is prepared in a variety of ways: 
(1) By the action of phosphorus-sodium alloy on ethyl iodide.’ (2) 
A double compound of the phosphine with zinc cliloride is produced 
when zinc diethyl reacts with phosphorus trichloride.® (3) The phos¬ 
phine is formed together with its oxide when zinc, diethyl reacts with 
phosphorus oxychloride.® (4) By heating 1 molecular equivalent of 
phosphoniurn iodide with 3 molecular equivalents of ethyl alcohol for 
G to 8 hours at 160® to 180® C., tetraethylphosphonium iodide occurring 
as a by-product. This proc*ess yields the hydriodide of the phosphine.^® 
(5) By decomj)osition with potassium hydroxide of the base fornicd 
when a zinc phosphide, PHZn (prepared by the action of ])hos})hine 
on zinc diethyl at a temperature not exceeding -4® C.), is heated with 
ethyl iodide in a sealed tube for li hours at 150® (6) By heating 

phosphoniurn iodide and diethyl ether together in a sealed tube for 
6 hours at 160° €., tetraethylphosphonium iodide being formed as a 
bv-product.^® (7) By the decomposition of tetraethylphosphonium 
acetate, benzoate or oxalate by heat.i® (g) When phosphorus, ethyl 


1 Werner, Zeitsch. anorg, Chem., 1893, 3 , 318; Klason and Wansolln, J. praU. Chem., 
1903, [2], 67 , 41; Blomstraiid, Ber,, 1871, 4 , 51; Cahours and Gal, Com.pL rend., 1870, 
71 , 208; Jahresber,, 1870, p. 811. 

* Hofmann, Annalen, 1857, 104 , 30. 

8 Hofmann, Annalen Suppl., 1861, i, 59; see Hantzsch and Hibbert, Bar., 1907, 40 , 
1508. 

* Hofmann, Jahresber,, 1859, p. 372. 

6 Gal, J. Pharm. Chim., 1883, [5], 7 , 484; CmnpL rend., 1883, 96 , 578. 


« Mover, Ber., 1871, 4 , 734. ^ ^ 

7 BerM, Jahresber., 1856, p. 290; J. praU. Chem., 1855, 66 , 73; Annalen, 1856, 97 , 334. 
• Cahours and Hofmann, Annalen, 1857, 104 , 1; Hofmann and Cahours, Quart. J. 
Chem. Soc., 1859, ir, 56; Hofmann, Phil. Trans., 1860, 150 , 409. 


» Pebal, Annalen, 1861, 120 , 198. 


10 Hofmann, Ber,, 1871, 4 , 205. 

Drechsel and Finkelstein, Ber., 1871, 4 , 352. 


^8 Fireman, Ber., 1897, 30 , 1088. 


^ Letts and Collie, PhU, Mag,, 1886, [ 6 ], 22 , 183. 
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iodide and zinc are heated together in a sealed tube at 160° C., the 
zinc iodide double salt of the hydriodide of the phosphine results, 
together with the zinc iodide double salt of tetraethylphosphoniuni 
iodide.^ ( 0 ) The foregoing double salt of the phosphine also occurs 
when ethyl iodide and zinc phosphide are heated together in a sealed 
tube at J80° ( 10 ) 1 'he best method of preparation is as follows: 

To the Grignard solution obtained from 48*6 grams of magnesium and 
218 grams of ethyl bromide in 400 to 500 (\e. of ether, 60 grams of 
phosphorus tribromide in 75 e.c. of ether are added dropwise, the whole 
being (*ooled in iee and salt. When the action has subsided,^ the mixture 
is j)laced in an oil-bath and distilled in a stream of carbon dioxide, 
the phos])liinc being passed into a mixture of ether and carbon disul¬ 
phide, when the red double com})ouud, (C 2 fl 5 ) 3 P.CS 2 i is precipitated. 
Only about 6 per cent, of the j^hosphine distils with the ether, the 
r(‘mainder coming over at 160° to 200 ° (’. In this preparation success 
depends upon using a large excess of magnesium ethyl bromide, when 
a yield of about 70 per cent, is obtained.^ 

Triethylphosphine is a colourless licpiid, possessing a stupefying 
odour which resembles hyacinths when diluted. It boils at 127*5° C. 
at 744 mm., and has a density of 0*812 at 15° C'.,^ 0*80006 at 18*6° C. 
nu = 1*45799. It is insoluble in water but miscible with alcohol and 
ether, and its vapour forms a white cloud iti air owing to oxidation. 
Th(i heat of combustion at constatjt ])ressure is 1,249,700 (‘alories and 
the heat of formation 142,100 calories.® Strips of pa})cr soaked in 
triethylphosphine explode in contact with oxygen."^ Slow oxidation 
yields triethjdphosphine oxide,® and in the absence of water 1 mole¬ 
cular j)roportion of the phosphine absorbs 1 atomic proportion of 
oxygen.® Oxidation of the phosphine to the oxide may also be effected 
by nitri(! acid or mercuric oxide.’® Sulphur and selenium are readily 
dissolved by ether solutions of triethylphosphiiu', yielding triethyl¬ 
phosphine sulf)hidc and selenide respeetiv'cly. The phos)>hine reacts 
violently with ethyl iodide, forming tetraethylf)hosphonium iodide, 
but only unstable com])ounds an* produced with cyanogen bromide 
or iodide.’^ Carbon disulphide yields the derivative ( 02115 ) 3 !^.C’Sg 
when the components are brought together in ether or alcohol solution. 
The constitution of this compound is probably (C 2 H 5 ) 3 F-CS and 



the form of the crystals is monoclinic prismatic. product melts 
at 95° C., is insoluble in water, sparingly soluble in ether, more soluble 
in carbon disulphide and fairly soluble in warm al(K)hol. It forms a 
methiodide, M.pt. 96° to 97° C., decomposed by sodium hydroxide. 
Heating the base for some days in a scaled tube with water at 100 ° C. 

* Hofmann, Annulen Suppl., 186J, i, 4. 

* Cahours, AnnaUn, 1862, 122 , 331. 

® Hibbert, Ber., 1906, 39 , 160. 

* Cahours and Hofmann, loc. ciL 

® Zecchini, Oazzetta, 1893, 23 , i, 100. 

* Lemoult, Oom.pt. rend., 1909, 149 , 556. 

Hofmann, Annalen, 1857, 104 , 11 . 

® Hofmann, AnnaUn 8uppl., 1861, i, 10. 

* Compare Jorissen, Zeiiach. phyaikal. Chem., 1897, 22 , 35; Engler and Wild, Ber ., 1897, 
30 , 1673; Engler and Weissberg, ibid., 1898, 31 , 3055. 

Hofmann, loc. cit.; Hofmann and Mahla, Ber., 1892, 25 , 2436. 

Hantzsch and Hibbert, Ber., 1907, 40 , 1508. 

Sella, AnnaUn Suppl., 1861, x, 28 j see Groth, Ch. Kr., 3 , 43. 
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gives triethylphosphine sulphide, the oxide, methyltriethylphos- 
phonium hydroxide, hydrogen sulphide and earbon monoxide.^ Boib 
ing with silver nitrate or silver oxide in alcohol solution eonverts the 
compound into trielhAdphosphinc sulphide, and the latter also occurs 
when a saturated aqueous solution of hydrogen sulphide is heated with 
tlie carbon disulphide derivative at lOO" C. in a sealed tube, a prodmt 
Cgllj^SaP also being formed.^ Heating with anhydrous fatty acids 
decomposes the (carbon disulphide (‘onipound with formation of (carbon 
oxysulphide, triethylphosphine and derivatives of thio-aeids. Methyl 
iodide gives a red c*'ornpound, M.i)t. 96^ to P., having the structure 
— C-S.^ The suljdiur derivative, luay be con- 

' \i 

\S.CH3I 

siden^d to t)e the anhydride of hydroivytricthylphos'phonium dithio- 
carboxylic acid, IIO.P((l 2 H 5 ) 3 CS.Sli, dry hydrogen chloride con¬ 
verting (\II 15 S 2 P into cldorotriethylphosphonhmi dithlocarboxylic acid, 
C 1 .P(P 2 H 5 ).jPS.SI 1 , a hygroseo))ic colourless, crystalline mass, stable 
in concentrated acid solution, but decomposed by water with evolution 
of liydrogcn sulphide and deposition of sulphur. Alkali converts it 
into the anhydride, and platinic chloride yields a ])ale yellow, amorphous 
platinichloride, 2 |(t.P(C\ 2 H 5 ) 3 CS.SH].PtCl 4 , insoluble in alcohol and 
other, soon undergoing decomposition at the ordinary tem))erature.^ 
When th() anhydride (/-HjgS 2 p is heated with saturated aqueous 
hydrogen sid])hide, the product CgH^^SgP is obtained. This forms 
yellow crystals, soluble in hot absolute alcohol but insoluble in ether, 
decom[)osed by hot water to giv’^c a compound, C 7 Hi 8 SP(OH).® Ihe 
corresponding iodide, C^IIigSP.I, crystallises Irom water in needles, 
sparingly soluble in cold water; in aqueous solution it is deconq)osed 
l)y silver oxide, the precipitate (containing silver, silver iodide and 
silv(n’ sulphide, whilst methyltriethyl})hosphonium hydroxide is found 
in solution. The compound fornieii from phenyl mustard oil and 
triethylphos})hine dcccomposcs on heating.® Carbon tetrabroniidc 
and triethylphos])hine yi(?ld bromoinethcnyltri-triethylphosphonium 
bromide, lirC[P(C 2 H 5 ) 3 Pr] 3 . The corresponding (‘hlorine compound 
is hydrolysed by w^ater forming chlovomcthyltriethylphosphonium 
chloride, tricthylphosj)hine oxide and hydrocdiloric acid : 

ClC[P(C2Hg)3Cl]3 +2II2O -=C1.C H2.P(C2H5)3C1 +2(C!2H5)3P0 + 2 HC 1 


Triethylphosphine forms a large number of addition compounds 
with metallic salts, the constitution of some of the compounds having 
given rise to considerable discussion. The derivatives arc as follows : 
From auric chloride —(C 2 H 5 ) 3 P.AuCl or [AuP(C 2 H 5 ) 3 ]Cl. This results 
when an alcohol solution of the phosphine is treated with auric chloride 
at the ordinary temperature.'^ It crystallises in colourless needles or 
prisms, melting with decomposition at 80° C., soluble in alcohol, ether, 
chloroform, benzene and acetic acid, sparingly soluble in warm water 
1 Hofmann, loc. cii. Compare Staudinger and Meyer, Hch\ Ohirn. Acta, 1919, 2 , 612. 

® Hofmann, Jakresber., 1861, p. 490, 

® Hantzsch and Hibbert, loc. cit. 

* Hofmann, Annalen Siippl., 1861, i, 30. 

5 Hofmann, Jahresber., 1861, p. 490. 


« Staudinger and Meyer, loc. cit. r i 1 

f Cahours and Gal, Compt. rend., 1870, 70 * 1383; Jahresber., 
Malvano, Atti R. Accad, Lined, 1870, [6], i*j, i, 862. 


1870, p. 


811; 


Levi- 
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or carbon tetrachloride. The compound is very soluble in ammonium 
hydroxide or pyridine and dissolves without decomposition in warm 
potassium hydroxide and concentrated hydrochloric acid. If the 
compound in carbon tetrachloride solution be treated with ammonia, 
it is converted into a derivative having the constitution, (C 2 H 5 ) 3 P.AuCl. 
2 NH 3 or [AuP(C 2 H 5 ) 3 (NH 3 ) 2 lCl. This crystallises from alcohol in 
colourless prisms, commencing to decompose at 90° C., yielding a 
white sublimate at 125° C., and blackening towards 150° C. It is 
only sparingly soluble in water. From copper iodide—,C\xl* 
This product crystallises from petroleum ether in plates, M.pt. 37° to 
39° C.^ From zinc iodide — 2 (C 2 H 5 ) 3 P. 2 HI.Znl 2 . The derivative 
crystallises from water or alcohol.^ From paUadiuvi chloride - 2 (C’ 2 H 5 ) 3 P. 
PdClg. The salt separates from alcohol or ether in yellow prisms, 
insoluble in water.^ From platinic chloride —when triethylphosphine 
is boiled with an aqueous solution of platinic chloride, two isomeric 
histriethylphospkine dichloroplatinum compounds are produced. They 
may be sci)arated by treatment with ether, in which the a-forni (yellow) 
is soluble, whilst the ^-forni (white) is insoluble.'* The a-form separates 
from alcohol or ether in yellow, monoclinic prisms,^ M.pt. 150° C., 
density 1-50 at 10° C., insoluble in water, sparingly soluble in boiling 
alcohol, readily dissolving in ether. Heating at 100 ° C. with alcohol 
or treating its ether solution with triethylphosphine converts the 
a-isomer into the ^-variety. The a-form, when boiled with water 
and triethylphosphine, yields a compound^ 4(C2ll5)3P.PtCl2, which 
readily splits off triethylphosj)hine, forming the j 8 -isomer. The a-form 
can add on 1 molecule of bromine or iodine. The j 8 -compound is 
obtained as described above and separates from boiling alcohol in 
prisms, insoluble in water or ether. It also adds on 1 molecule of 
bromine or iodine. The (‘onstitution of the isomers is probably as 
follows : ® 


((’A)3p 


Pt 


/ 


Cl 


H'l 


a-Modification 


(C^II^).,? ,ci 

/Pt< 

iV -PCC^Hs)* 

/^-Modification 


The complex 4(C2H5)3P.PtCl2, mentioned above, has the structure : 


{C-2H5)3P.. 

Pt 


•P(C2H5)3 


Ici 


2 


This salt, when treated with auric chloride,, yields a yellow crystalline 
compound, 4(C2H5)3P.PtCl2‘AuCl3, and with platinic chloride a brown 
precipitate results, 4(C2H5)3P.PtCl2.PtCl4, sparingly soluble in cold 
alcoliol.'^ A platinichloride of the composition 2 (C 2 n 6 ) 3 P»H 2 PtCl 3 is 
known ; it is a crystalline product, sparingly soluble in cold winter, 

^ Arbusoff, J. Russ. Phys, Ghent. Soc., 1906, 38 , 316; Ghent. Zentr., 1906, ii, 761. 

* Hofmann, Annalen Suppl., 1861, i, 4; Cahours, Annaleu, 1862, 122 , 334. 

* Cahours and Gal, loc. cit. 

* Cahours and Gal, Compt. rend., 1870, 70 , 899; Jahreaber., 1870, p. 809. 

* Des Cloizeaux, Gompt. rend., ]870r 70 , 899; Jahresber., 1870, p. 809; Sella, Annalen 
Suppl., 1861, I, 28; see Groth, Gh. Kr., 3 , 43. 

* Werner, Zeitsch, anorg. Ghem., 1893, 3 , 318; Klason and Wanselin, J, prakt. Ghent., 
1856, [2], 67 , 41; Blomstrand, Ber., 1871, 4 , 51. 

^ Cahours and Gal, loc. cit. 
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insoluble in alcohol or ether. ^ If the foregoing jS-modification of bistri- 
ethylphosphine dichloroplatinum in dry chloroform solution be treated 
with ammonia, an ammino-cornpound results, (NH 3 ) 2 Pt[P(C 2 Hg) 3 .Cl] 2 .* 
This is a delicpiescent crystalline mass, very soluble in water. It readily 
loses ammonia, gives no precipitate with potassium chloroplatinate, but 
yields a phenyl moreaptide with phenyl mercaptan. Treatment of the 
ammine with 2 equivalents of triethylphosphine in chloroform gives 
a white precipitate of the compound [(C 2 H 5 ) 3 P] 2 pt(NH 3 Cl) 2 . With 
K 2 PtCl 4 it forms [(C 2 H 5 ) 3 P] 2 Pt(NH 3 Cl) 2 .PtCl 2 , and reaction also takes 
place in this case with phenyl mercaptan. 

Triethylphosphine reacts violently with o-xylylene bromide in 
(chloroform solution, forming o-xylene triethylphosphonium bromide, 
C 0 H 4 [CIT 2 .P(C 2 H 5 ) 3 .Pr] 2 .^ This crystallises from a mixture of alcohol and 
ether and melts at 250^^ to 250*5° C.; it is soluble in chloroform, alcohol or 
water, insoluble in ether. The acpieous solution rea(cts with silver oxide 
to give a solution of the free base. This is readily decomposed, hydriodic 
acid yielding an acid iodide, C 6 H 4 [CH 2 .P(C 2 H 5 ) 3 .I] 2 - 2 HI, forming 
regular crystals melting indefinitely about 247° C. The chloride is 
difiicult to crystallise. The following ar(c also known : aurichloride, 
C' 0 ll 4 |CH 2 .P{C 2 Hr,) 3 .AuCl 4 | 2 , golden-yellow needles, M.])t. 103° C., and 
a plaiinichloride, C6n4[CH2.P(C2lT5)3.CIj2-PtCl4, darkening at 200 ° C. 
and melting iiKlefinitcly at 235° to 236° C. Phenyl azide and tri- 
ethylphospliine in ether solution form an addition product, CglIgNg. 

Tri-n-propylphosphine, CIl 3 (CH 2 ) 2 P-15^ ( of phosphorus 
trichloride in 50 e.(c. of ether arc added to the solution obtained from 
56 c.c. of n-propyl bromide and 15 grams of magnesium in 300 c.c. of 
ether. The yield of purified phos})hine is 10 grams, the product boiling 
at 103-5° C. at 50 mm. or 187-5° C. at 760 mm. ; density 0-807 at 25° C. 
The carbon disulphide additum compound melts at 108° C., and the 
mercurichlonde at 137° 

Tri-isopropylphosphine, [(CIl3)2CH]3l\ -This phosphine is 
formed when di-'/. 9 opro})ylphosphine and w*opropyl iodide arc heated 
together at 120 ° C.® It yielcis a crystalline hydriodide, C 9 II 21 P.HI, 
soluble in water, insoluble in ether. 

Tri-n-butylphosphine, CTl 3 (CH 2 ) 3 P.—iV solution of 42 c.c. of 
n-butyl bromide in 100 c.c. of anhydrous ether containing a trace of 
iodine is added during three hours to 10 grams of magnesium turnings 
and 150 c.c. of ether contained in an apparatus through which hydrogen 
is passed during the preparation. The resulting solution is cooled to 
0° C. and treated with 9 c.c. of phosphorus trichloride in 50 c.c. of 
ether, this mixture being added dropwise. The whole is then warmed 
for 80 minutes on the water-bath, cooled below 0 ° C. and cautiously 
treated with a solution of 50 grams of ammonium chloride in 250 c.c. 
of water. The ether layer is removed, dried over anhydrous sodium 
sulphate, the ether distilled off in an atmosphere of carbon dioxide 
and the residue fractionated. The phosphine is then redistilled under 
50 mm. pressure. The yield is about 11 grams. 

^ Cahours and Hofmann, Annalen, 1857, 104 , 13. ® Klaaon and Wanselin, toe. cit. 

* Partheil and Gronover, Ber., 1900, 33 , 006. 

* Staudinger and Meyer, Hdv. Chim. Acta, 1919, [ii], 619. 

® Davies, Poarse and Jones, J. Chem. Boc., J929, p. J262. 

® Hofmann, Ber., 1873, 6 , 295. 

’ Davies and Jones, J. Chem. Boc., 1929, p. 33. 
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Tri-w-butylphosphine boils at 149*5® C. (corr.) at 50 mm. pressure 
and has a density of 0*8118 at 25® C. It is a colourless liquid having 
the eliaraeleristic phosjdiine odour. With alcohol, ether and benzene 
it is miscible in all proportions, but immiscible with water; its mol¬ 
ecular weight in freezing benzene is normal. It is less readily oxidised 
than the lower tcn-tiary ])hosphines. Wlien boiled in a current of air 
it is converted into the oxide. It combines with carbon disulphide in 
cold absolute alcohol solution, the addition product melting at 65-5® C. 
(corr.). This latter ])roduet is completely dissociated in hot ether or 
al(*ohol solution. A mercuric chloride addition compound is known, but 
it forms only a plastic mass, dillicult to purify. The phos})hine com¬ 
bines with methyl and ethyl iodides, yielding alkyltri-n-butylphos- 
phonium iodide. 

Tri-isobutylphosphine, [(Cll3)2CIf.CH2]3P, occurs in a 12 -gram 
yield when 14 c.c. of phos[)horus trichloride^ arc added to 94 e.c. e)f 
f^abutyl bromide anel 20 grams of magnesium in e'ther solution. The 
})he)sphine boils at 120® C. at 50 mm. pre^ssure*, anel it combines with 
carbe)n elisul])hielc to give highly unstable red crystals. The mercuri- 
chloride crystallises in plates freun alcohol, M.pt. 191*5® C.^ The 
hydriodide rna)^ ])e isolateel by lieating eli-/.sY>butylphosphine and iso- 
butyl ioelielc te)gedher at 100 ® C., the salt decom])osing on treatment 
with sodium hydroxide to give the phosphine. ^ Frepareel by the latter 
method the base benls at 215® V. 

Tri-n-amylphosphine, (C 5 ni^) 3 P, is prepareel by the inteu’ac'tion 
of 10*5 c.c. of phosphorus trichloride and the magnesium n-aniyl 
bre)miele maele frejin 78 c.c. of amyl brornielc and 15 grams of magnesium.^ 
The yield is abenit 9 grams ; the phosphine boils at 185*5® C. at 50 mm. 
pressure and has a density 0*820 at 25® C. The carbon disulphide 
addition product melts at 55® C., but a crystalline mercurichloride or 
rnethiodide has not been obtained. 

Tri -isoamylphosphine for T7'i(y-methylbntyl) phosphine\{C^\ ^ 1 ) 3 !^. 
—Phosphorus trichloride (10*5 e.c.) is added to the Grignard reagent 
from 78 c.c. of f.v«amyl bromide and 15 grams of magnesium. The 
ether solution of the phosphine is dried and the ether distilled off 
in an atmosphere of carbon dioxide ; in order to prevent oxidation of 
the phosphine, the residue is fractionally distilled in a vacuum, and 
all subsequent manipulations with the phosphine are carried out in an 
enclosure filled with carbon dioxide, without bringing the substance 
into contact with air. The yield is 9 grams, and the product boils 
at 181® C. at 11 mm.^ It forms red needles with carbon disulphide, 
M.pt. 79*5® C. 

Tri(dl-^-methylbutyl)phosphine, (C5Hj,)3P. —This phos 2 )hine is 
obtained only in poor yield when 10*5 c.c. of ])hosphorus trichloride 
are added to the Grignard reagent from 77 c.c. of d/-j 8 -methylbutyl 
bromide and 15 grams of magnesium. The product boils at 113® to 
117® C. at 10 mm. 

Compounds of the Type RgR'P. 

Dimethylethylphosphine, C2H5.P(CH3)2.—The hydrochloride of 
this phosphine is formed W'^hen dimethyldiethylphosphonium chloride 

^ Davies, Pearse and Jones, J. Chetn, Soc,, 1920, p, 1262. 

2 Hofmann, loc. cit. 

* Davies, Pearse and Jones, loc, cit. 

* Compare Hofmann, loc. cit. 
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is decomposed by heat and the distillate treated with sodium hydroxide. 
The phosphine boils at 83® to 85® C.^ 

Methyldiethylphosphine, CH 3 .P(C 2 H 5 ) 2 , is isolated in the form 
of its hydro(!hloride when triethylmethylphosphoniiim chloride is 
decomposed above 300® C. : 

(C2H,)3(CTl3)P(1 = 

It is a liquid, B.pt. 110® to 112° C. 

Diethylpropylphosphine, C3H7.P(C2M5)2, is obtained in a similar 
manner to the preeeding eom])ound by heating triethylpropylphos- 
plionium chloride. It is a liquid, ILpt. 140° to 149° C. 

Diethylisoamylphosphine, C 5 Hu.P(C 2116 ) 2 , occurs when tri- 
ethyJw‘oamylphos])honium chloride is subjected to dry distillation. 
It is a colourless, slightly viscous liquid, B.])t. 185® to 187® C., which 
does not oxidise so readily as triethyl))hospliine, and has an odour 
resembling that of fusel oil. The hydrochloride formed in the fore¬ 
going deconi])osition boils at 270° to 271° C\, is very delicjuescent, and 
with sodium hydroxide yields the free })hos))hine. 

CoMPoiiNDS OF TJiK Type.s B 3 PO, B 3 PS, BgPSe. 

Trimethylphosphine oxide, ((Tlgj^PO, may be obtained by 
several methods : ( 1 ) 4Vimethyl})hos})hine is oxidised in air, this 

changing it to the oxide.( 2 ) It occurs wlien tetramethylphosphonium 
hydroxide is deeonqiosed by heat.^ (3) Magnesium methyl iodide 
in ether solution is treated with phosphorus oxydiloride and the re¬ 
action mixture d(‘composed by hydrochloric acid.® It is a deliquescent, 
crystalline mass, M.pt. 137® to 138® U., B.pt. 214° to 215® C. It gives 
rise to the following double com])ounds : ® Trimethylphosphine oxide 
hydrogeyi ferrocyanide^ 2 (CTl 3 ) 3 p().H 4 Fe((’N)(}, (onsisting of small 
colourless needles, becoming green on exposure to light or moist air, 
very soluble in water, insoluble in cold alcohol; trimethylphosphine 
oxide hydrogen colndticyonide, 2 ((Tl 3 ) 3 PO.Il 3 Co(C'N) 6.1 -51120, crystal- 
lisitig ill glistening needles, becoming light green at about 200 ® C., 
soluble in warm water or alcohol ; irirneihylphosphmc oxide hydrogen 
aurichloride, 2 (CH 3 ) 3 PO,HAuC 44 , crystallising from water or alcohol in 
yellow, flat, hexagonal jilates, M.pt. 94*5° L. ; trimethylphosphine oxide 
hydrogen dichromate, 2(CH3)3PO.ll2Cr2^^7> crystallising from water 
or dilute nitrk* acid in bright red, hard, glistening ])risms, darkening 
at 200® U. and commencing to fuse at 204® (\; trimetkylphos 2 )hine 
oxide hydrogen bismuthic iodide, 2 (CIl 3 ) 3 PO.]IBil 4 , se])arating from 
warm dilute hydriodic acid in clusters of bright red, prismatic needles, 
decomposing on heating or treating with an excess of water ; trimethyl- 
phosjjhme oxide hydrogen platinichloride, 4(C'H 3 ) 31 ^ 0 .H^PtClg, crystal¬ 
lising from water in beautiful, red, jiyramidal needles, M.jit. 126® C., 
insoluble in alcohol; trirnethyljyhosphine oxide zinc iodide, 
2 (CH 3 ) 3 PO.Znl 2 , forming small white prisms, M.pt. 168° C. In addition 
to the foregoing platinum compound a jdatinichloride, 3 (CH 3 ) 3 PO. 

^ Collie, Trans. Chtmi. Soc., 18S8. 53 , 720. 

2 Collie, ibid., 1888, 53 , 719. 

^ (.ahours and Hofmann, Annalm, 18/)7, 104 , 1. 

* Gahours and Hofmann, loc. cit.; Collie, Trans. Chem. iioc., 1888, 53 , 626. 

* Pickard and Kenyon, Trans. Chem. 80 c., 1906, 89 , 262. 

® Pickard and Kenyon, loc. cit. 
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2 HCl,PtCl 4 .H 20 , is known ,* ^ it crystallises in orange plates and needles. 
The oxide also forms a number of addition compounds with organic 
acids : ^ Camphoric acid yields clear, hard crystals, 2 (CH 3 ) 3 PO. 
CgIIi 4 (C' 0211 ) 2 , M.pt. 91° to 98° C. ; trichlo7'acetic acid gives small, 
colourless crystals, (CH 3 ) 3 P 0 .C('l 3 C 02 H, M.pt. 67° C. 

Trimethylphosphine sulphide, (Cn 3 ) 3 PS. -An ether solution 
of trimethylphosphine is treated with flowers of sulphur ; ® after a 
time the latter disappears, when the solvent is removed and the residue 
boiled with water, the sulphide separating as the solution cools. It 
forms four-sided prisms, M.pt. 105° C. 

Trimethylphosphine selenide, (CH 3 ) 3 PSe.—This is obtained on 
replacing the sulphur in the }ueceding preparation by selenium. The 
product forms prisms, M.pt. 84° C., which blacken on exposure to the 
air, selenium separating out. 

Triethylphosphine oxide, (C2ll5)3PO, may be obtained by the 
following methods: ( 1 ) By the oxidation of triethylphosphine by 
air, nitric acid or mercuric oxide.^ ( 2 ) By the action of potassium 
hydroxid(‘ on the product resulting from reaction between zinc diethyl 
and the compound C 2 H 5 OPCI 2 .® (3) One part of white phosphorus 
and 18 })arts of ethyl iodide are heated together for 24 hours at 175° to 
180° C., and the reaction mass then boiled with 97 per cent, alcohol 
until no more ethyl iodide is formed. The solution is then distilled 
with 4 parts of potassium hydroxide.® (4) Magnesium ethyl bromide 
is allowed to react with phosphorus oxychloride and the mixture then 
decomposed with dilute hydrochloric acid.’ (5) By heating the 
reaction product froni zinc diethyl and phosphorus oxychloride with 
potassium hydroxide and a little w^atcr.® 

The oxide forms colourless, odourless needles, M.pt. 51»9° C., B.pt. 
242*8° to 248° C. It is slightly volatile in steam, and is more soluble 
in water and alcohol than in ether. It is precipitated from its aqueous 
solution by potassium hydroxide. It is indifferent to oxygen and ozone.® 
According to Cahours and Hofmann it is reduced to triethylphosphine 
when warmed with sodium, but tliis is denied by Crafts and Silva. 
When hydrochloric acid gas is passed into molten triethylphosphine 
oxide, a deliquescent mass results, to which the formula (C 2 H 5 ) 3 PO. 
(C 2 n 6 ) 3 PCl 2 is ascribed,^® The following double compounds are known 
Triethylphosphine oxide hydrogen ferrocyanide, 2 (C 2 H 5 ) 3 PO.H 4 Fe(CN)e, 
a microcrystalline powder, quickly becoming green in moist air ; iriethyl- 
phosphine oxide hydrogen cobalticyanide, 2(C2H5)3PO.H3Co(CN)3.4H20, 
forming white, prismatic crystals, M.pt. 174° C. ; triethylphos¬ 
phine oxide hydrogen aurichloride^ 2 (C 2 H 5 ) 3 PO.HAuCl 4 , flat, yellow, 

^ Collie, loc. cit. 

* Pickard and Kenyon, loc. cit. 

* Cahours and Hofmann, loc. cit. 

* Cahours and Hofmann, loc. cit. 

.® Wichelhaus, Her., 1868, i, 77. 

® Crafts and Silva, Trans. Chem. 80 c., 1871, 24 , 629; Jahresber., 1871, p. 764; see 
Carius, Annalen, 1866, 137 , 118; Masson and Kirkland, Trans. Chem. Soc., 1889, 55 , 141. 

’ Pickard and Kenyon, loc. cit. 

* l*cha\, Annalen, 1861, 118 , 22; 120 , 198. 

® Engler and Wild, Her., 1897, 30 , 167.3. 

Cahours and Hofmann, loc. cit. 

Crafts and Silva, loc. cit. 

Hofmann, Annalen Supjd., 1861, i, 19; Phil. Trans., 1860, 150 ,409. Compare Crafts 
and Silva, Jahresber., 1871, p. 766. 

Pickard and Kenyon, loc. cit. 
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hexagonal plates, M.pt. 54® to 56® C.; triethylphosphine oxide hydrogen 
dichromate^ 2 (C 2 H 5 ) 3 P 0 .H 2 Cr 207 , forming hair-like needles, M.pt. 100 ® 
to 102 ® C.; triethylphosphine oxide hydrogen hismuthic iodide, 2 (C 2 H 5 ) 3 PO. 
HBil 4 , separating from dilute hydriodic aeid as bright red, })rismatic 
needles, decomposing above 130° C.; triethylphosphine oxide hydrogen 
mercuric iodide, 2 (C 2 H 5 ) 3 PO.HHgl 3 , consisting of beautiful yellow needles 
sintering at 31® C. and melting at 32° to 33® C. ; triethylphosphine 
oxide hydrogen j)laHnichloride, 4 (C 2 ll 5 ) 3 PO.H 2 PtCl 3 , M.pt. 150® C. ; 
3 (C 2 H 5 ) 3 PO.(C 2 H 5 ) 3 PCl 2 .PtCl 4 , monoclinic prisms ; ^ triethylphosjyhine 
oxide cupric chloride, (C 2 H,j) 3 PO,CuCl 2 ,^ pale brown prisms from alcohol, 
M.pt. 233® C., decomposed by water ; triethylphosphine oxide copper 
sulphate, 2 (C 2 H 5 ) 3 P 0 .CuS 04 , green four-sieWd prisms ; ® triethyl- 
phosjyhine oxide zinc iodide, 2 (C 2 H 5 ) 3 PO.Znl 2 , forming monoclinic, 
prismatic crystals, M.pt. 99® C.^ With jvjruvic acid the oxide forms a 
compound (C 2 ll 5 ) 3 P 0 . 2 CH 3 C 0 C 02 H, consisting of small, (*olourless, 
prismatic needles, M.pt. 75® to 77 ® C. 

Triethylphosphine sulphide, (C 2 ll 5 ) 3 PS, is best prepared from 
the phosphine as described for the corresponding methyl compound.® 
It may also be obtained by the interaction of triethylphosj)hine and 
ethyl mercaptan in the presence of air, or by boiling the compound 
(C 2 H 5 ) 3 P(CS)S in alcohol with silver oxide or heating it at 100 ® C. with 
water. The sulpliide forms hexagonal prisms, M.})t. 94® C., readily 
volatile in steam.® It forms a compound xoith methyl iodide, ((' 2115 ) 31 ^ 8 . 
CII3I, consisting of colourless crystals, M.pt. 123® C., slowly decomposed 
by boiling water."^ The methiodide is normally dissociated in aquccnis 
solution and has almost the same conductivity as triethyl sulphonium 
iodide. The methiodide is deciomposed b}^ alkalis l)clow 0 ® C., the 
free base decomposing imniediatcdy into mercaptan and triethylphosphine 
oxide. 

Triethylphosphine selenide, (C 2 H 5 ) 3 PSe, occurs when selenium 
reacts with triethylphosphine in ether solution.® It may be crystallised 
from water, but is partially decomposed on contact with air. When 
dry the crystals are red and melt at 112 ° C. 

Tri-n-propylphosphine oxide, (C 3 H 7 ) 3 PO.—A dilute ether 
solution of magnesium n-propyl bromide is w^ell cooled and very slowly 
and with constant shaking mixed with a dry ether solution (containing 
the calculated quantity of phosphorus oxychloride. After the vigorous 
reaction has subsided, the mass is decomposed with dilute hydrochloric 
acid, the ether removed and the residue mixed with a large excess of 
sodium hydroxide. The mixture is then distilled from a copper flask 
and the aqueous distillate fractionated, the oxide occurring in the 
fraction boiling at 260® to 265® C. at 759 mm. The freshly distilled 
oxide solidifies to colourless, lustrous, silky needles, M.pt. 38° C., which 
are odourless and very hygroscopic.® The oxide forms the following 

^ Hofmann, loc. ciL; Sella, Annalen Suppl., 1861,1, 17. Compare Groth, Ch. Kr., 3 ,44. 

^ Pickard and Kenyon, loc. cit. 

® Pebal, loc. cit. 

• Hofmann, loc. cit.; Sella, loc. cit. 

^ Cahours and Hofmann, Annalen, 1857, 104 , 23; Hofmann, Phil. Trans., 1860, 150 , 
409. 

® See Sella, loc. cit.; Groth, Ch. Kr., 3 , 44. 

’ Hantzsch and Hibbert, Her., 1907, 40 , 1508. 

• Cahours and Hofmann, loc. cit.; Hofmann, loc. cit, 

• Pickard and Kenyon, loc. cit, 
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double compounds: Tri-n-propylphosphine oxide hydrogen ferrocyanide^ 
2 (C 3 H 7 ) 3 PO.n 4 Fe(C'N) 6 , colourless needles, sparingly soluble in water 
or alcohol ; tri-n^propylphosphine oxide hydrogen cohalticyanide, 
2 ( 0 . 3117 ) 3 PO.n 3 Co(CN)g. 6 HjjO, pale yellow cubic crystals from water, 
M.pt. IIO"" C. ; tri-n-propylphosphine oxide htjdrogen aurichloride, 
2 (C 3 H 7 ) 3 PO.H 4 AuCl 4 , yellow, flat, hexagonal jdates, M.pt, 67° to 69° C. ; 
iri-n-jyropylphosphme oxide hydrogen dichrornate, 2 ( 03 H 7 ) 3 pO.H 2 Cr 2 O 7 , 
melting with dec'omposition at (\ ; tri-n-propylphosphine oxide 

hydrogen mercuric iodidCy 2 (C 3 H 7 ) 3 pO.HHgI, forming yellow needles, 
M.j)t. 52° to 54>° i\ ; tri-7i-propylphosphine oxide hydrogen platinichloride, 
6 ((' 3 ll 7 ) 3 PO.Il 2 PtC'l 3 , separating in light brown flakes, M.pt. 92'^ to 
93° C., very soluble in water. 

Tri-n-butylphosphine oxide, (C 4 H 9 ) 3 PO.— 10 c.c. of phosphorus 
oxychloride in 50 c.c. of ether are added to the Grignard reagent from 
42 c.c. of w-butyl bromide and 10 grams of magnesium in 250 c.c. of 
cither. Ammonium chloride is then added and, when the ether layer 
is fractionally distilled under 760 mm. pressure, the oxide passes over 
at 800° C. and solidifies in the re(*civer. The oxide may also be pre- 
])arcd by boiling the phosphine in a current of air and oxidising it with 
warm 40 per cent, nitric acid. The product forms hygroscopic, colourless 
needles. 

Tri-isoamylphosphine oxide, (C 5 lI|i) 3 PO, is formed when the 
phosphine is oxidised by air.^ It is a crystalline product, M.pt. 60° to 
65° C., soluble in alcohol. 

Qitatb:rnary Phosphonium Compounds. 

A number of methods used for ])reparing phos})honiunf) compounds 
has already been indicated on ]). 7. Some tetra-alkylphosphonium 
hydroxides may be produced by heating white phosphorus and the 
corresponding alcohol above 250° C. for a long period. The compound 
P^Hg, reacts with alkyl iodides to form quaternary c*ompounds, and 
the latter also occur when trialkylphosphines react with alkyl halides. 
There are also special methods of preparation applying only to individual 
derivatives. The iodides are converted into the hydroxides by treat¬ 
ment with moist silver oxide, and bromides, cyanides, carbonates, 
acetates, oxalates and sulphates are similarly obtained when the ap¬ 
propriate silver salt is used. Such salts also result when the hydroxides 
are treated with the corresponding acids. 

The mixed quaternary phosphonium compounds are prepared as 
indicated by the following equations : 

II3P+ R'X-RgR'PX 

RgRT + R'X ^RgRg'PX (X =halogen) 

RR irp + R"'X -RR'R"R"TX 

The phosphorus-nitrogen phosphonium compounds are formed when 
the phosphines containing nitrogen directly attached to phosphorus 
combine with alkyl iodides, e.g. 

[(C,ll6),N]3P + CH3I = [(C,H*),N]3P(CH3)I 
‘ Hofmann, Ber., 1873, 6, 303. 

* It B^hoiild be noted that these N-phosphincs are not organometallic from the point of 
view of this volume until they form phosphonium compounds, for only in the latter cade is 
the phosphorus directly linked to carbon, 
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The phosphonium iodides form addition products with the iodides 
of mercury, bismuth and thallium, and also with bismuth chloride. 
Pcrhalides, R 4 PI.X 2 , are formed when halogens react with the iodides, 
these products, like the original iodides, having well-defined crystalline 
forms ; moist silver oxide removes the iodine, giving the corresponding 
hydroxides. Like the arsonium chlorides the tetra-alkylphosphonium 
chlorides tend to be deliquescent, but they yield crystalline double 
salts with the chlorides of gold, mercury, platinum, bismuth and zinc. 
When two molecular equivalents of triethylphosphine react with one 
molecular equivalent of methylene chloride, ethylene diehloride or 
ethylene dibromide, phosphonium compounds result in which two atoms 
of phosphorus are ):»resent. 

Tetramethylphosphonium hydroxide, (CH 3 ) 4 POH.—When 
white phosphorus and methyl alcohol in the ratio 1 ; 2 by weight are 
heated together in a scaled tube at a temperature not lower than 250° C. 
for several hours, the phosphorus disa]i))ears.^ The })hosphonium 
hydroxide is the main })roduct of the reaction, the by-products consist¬ 
ing of phosphine, mcthylphos]>hine, and phosphinic and phosphoric^ 
acids. The hydroxide is also obtained when the corres})onding phos¬ 
phonium iodide is treated with moist silver oxide.^ It reacts with 
acids, forming salts, and its conductivity has the value fjL,^-^207.^ 
When decomposed by heat the hydroxide yields trimethylphos])hine 
oxide and methane: ^ 

(CH 3 ) 4 P. 0 H-~> (( H 3 ) 3 P 0 -HC H 4 

Most of the salts obtained from it are hygroscof)ic, but an exception 
is found in hydroxytrimcthylphosphonium trichloroacetate, M.pt. 
64° C.*'^ 

Tetramethylphosphonium iodide, (CIl 3 ) 4 PI, may be pre])arcd 
in several ways : (1) By heating phosphonium iodide and methyl ether 
together in a sealed tube for six hours at 120 ° to 140° C.® ( 2 ) It forms 

the chief product when magnesium methyl iodide and phosphorus di- 
iodidc, P 2 l 4 » react in ether solution at the ordinary temperature and 
the resulting mass is decomposed by water.(Jl) The mercunc iodide 
addition product of the iodide is formed when the compound P 2 Hg 3 is 
heated for four hours with two pails of methyl iodide at 140° to 150° C.® 
( 4 ) Tetramethylphosphonium hydroxide is converted to the iodide 
by treating it with hydriodic acid. (5) The iodide also occurs when 
trimethylphosphine reacts with methyl iodide.^ 

The iodide may be recrystallised from alcohol. It combines with 
iodine to yield a periodide, (CH 3 ) 4 PI.l 2 , a crystalline precipitate of the 
colour of chromic acid.^® The dottle salt with mercuric iodide, (CH 3 ) 4 PI. 
2 Hgl 2 , forms yellow prisms, M.pt. 172° C., sparingly soluble in water, 

^ Berthaud, Compt. rend., 1906, 143 , 1166. 

* Cahours and Hofmann, Annalen, 1857, 104 , 31; Hofmann and Cahours, Quart. J. 
Chern. 80 c., 1859, 12 , 56. 

* Bredig, ZeitHch. phyaikal. Chem., 1894, 13 , 288. 

* Cahours and Hofmann, loc, cit.; Collie, Trans. Chern. 80 c., 1888, 53 , 636. 

® Fenton and Ingold, J. Chem. 8 ()c., 1929, p. 2342. 

* Fireman, Ber., 1897, 30 , 1088. 

’ Auger and Billy, Compt. rend., 1904, 139 ,597. 

® Partheiland van Haaren, Arch. Pkarm., 1900, 238 , 41. 

* Cahours and Hofmann, loc. cit. 

Auger and Billy, Compt. rend., 1904, X 39 , 639. 
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insoluble in ether.^ Tctramethylphosphonium iodide is converted to 
the correspondin^r picrate when treated with aqueous sodium picrate ; 
this crystallises in lemon-yellow needles which are unmelted at 290° 

Tetramethylphosphonium chloride, (CIl 3 ) 4 PCl, results when 
the hydroxide is treated with hydrochloric acid.^ It is also obtaified 
by the action of w^ater on the reaction i)roduct from ma^^nesium methyl 
iodide and phosphorus trichloride in ether solution at “20° C.^ It is 
a deliquescent salt, wdiicii when strongly Jieated deeom])Oscs into 
ethylene and trimethylphosphonium chloride : ® 

2 (( Il 3 ) 4 PCi == 2 (( ll 3 ) 3 PIICl +C 2 II 4 

It forms a number of double salts : (CIl 3 ) 4 pCl.AuCl 3 ; ® (Cll 3 ) 4 pCi. 
HgCig, crystallising from hot water in w^hite needles, M.])t. 249° C., 
sparingly soluble in water, insoluble in eth(T ; 2 (Cll 3 ) 4 PC 1 .PtCl 4 , 
crystallising from water in octahedra, insoluble in alcohol or ether.® 

Tetramethylphosphonium sulphate, [(PH 3 ) 4 P] 2 ^ 04 , occurs when 
the corresponding iodide is treated wnth silver sulphatc.^^ The produett 
crystallises in thick needles which deeom])ose on strong heating with 
formation of trimethylphosphine oxide and trimethylphosphine sulphide. 

Tetramethylphosphonium benzoate, (CIl 3 ) 4 P.C 02 C 6 n 5 , is pre¬ 
pared by neutralising the base with benzoic acid. It is a deliquescent 
substance, which decomposes above 300° C. into trimethylphos})hine 
oxide and a(!eto])henone : 

(CH 3 ) 4 P.C 02 C«Il 5 ^ (CIl3)3PO +( ITg.C O.CeHs 

Tetra - ethylphosphonium hydroxide, ((' 2115 ) 41 ^ 011 , may be 
obtained by the following methods : ( 1 ) White phosphorus and ethyl 
alcohol in the ratio 1 : 2 by weight are heated together for several hours 
at a temperature not lower than 250° C. The following by-products also 
occur: j)hosphinc, (‘thyl phosphines, ])hosphinie acids and phosphoric 
aeid.^® ( 2 ) heating a mixture of phosphonium iodide and diethyl 
ether in a scaled tube for six hours at 160° (3) The corresponding 

iodide is treated with silver oxide in the presence of w^ater and the 
filtered solution evaporated over sulphuric aeid.^^ The base is obtained 
as a deliquescent, crystalline mass, which absorbs carbon dioxide from 
the air. The aqueous solution has a bitter taste and is strongly alkaline. 
When decomposed by distillation the hydroxide yields triethylphos- 
phine oxide and ethane.^® Acids convert the base into the corresponding 
salts. 

Tetra-ethylphosphonium iodide, (C 2 ll 5 ) 4 PI, can be obtained in 
several ways : ( 1 ) By the combination of triethylphosphine and ethyl 
iodide in ether solution. The reaction takes place with violence in 
the cold and the whole solidifies to a white crystalline mass. ( 2 ) By 

^ Parihoil and van Haaren, hfc. cit, ® Fenton and Ingold, loc. cit, 

^ Cahours and Hofmann, loc. cit. 

* Auger and Billy, Comj>t. rend,, 1904, 139 , 597. * Collie, loc. cit. 

* Cahours and Hofmann, loc. cit, ^ Partheil and van Haaron, loc. cit. 

* Cahours and Hofmann, loc. cit. ® Collie, loc. cit. 

Berthaud, Gompt. rend., 1906, 143 , 1166. Fireman, Her., 1897, 30 , 1088. 

^2 Cahours and Hofmann, Annalen, 1857, 104 , 15; Letts and Collie, Phil. Mag., 1886, 
[5], 22 , 183. 

Hofmann and Cahours, Quart. J. Chem. Soc., 1859, 12 , 56; Letts and Collie, loc. cit. 

Cahours and Hofmann, loc. cit. ; Hofmann and Cahours, loc, cit. ; Letts and Collie, 
loc. Cit. 
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heating one equivalent of phosphoniuni iodide with three equivalents 
of methyl alcohol for six to eight hours at 160"^ to 180° C. Triethyl- 
phosphonium iodide occurs as a by-product.^ (8) Ethyl iodide and 
phosphorus in the ratio TCgHgl to 2P are heated together in a sealed 
tube at 180° C. for about twenty-four hours. ^ When cold the product 
is black and is either a tarry liquid or a semi-solid crystalline mass of 
periodide. A little gas escapes when the tube is opened and excess of 
ethyl iodide is removed by distillation. The residue is mixed with water 
and treated with hydrogen suli^hide, the clear solution being decanted 
from the precipitated sulphur and treated with silver oxide in excess 
to give the tetra-cthylphosphonium hydroxide. Instead of carrying 
out the last-mentioned stage of the process, the solution containing the 
hydrogen sulphide may be siilqectcd to the action of a current of carbon 
dioxide to remove the former gas, then saturated with potassium 
hydroxide and warmed ; the phosphoriium iodide separates out and 
lloats as an oily layer upon the j)otassium hydroxide solution. The 
rea(*tioJi taking place in this preparation is rejjrescnted as follows : 

7( ^Hgl ^ 2P (( ^ 115 ) 4^3 + 

The de(^omposition of these polyiodides by the hydrogen sulj)hide occurs 
as follows : ^ 

(C,IIg)4Pl3 f H.,S = (C3llg),PI + 2111 +S 
(( 2 Hg) 3 Pl 4 +II 2 S +H 2 O (C 2 lIg) 3 PO + mi +S 

(t) The iodide occurs as its doulde salt with zinc iodide when phos- 
})horus, ethyl iodide and zinc are heated together at 1G0° or on 
heating ethyl iodide with a i)liosphorus-zinc alloy at 180° C.^ (5) The 

double salt with jnercuric iodide, (C 2 ll 6 ) 4 PI.*^Hgl 2 , is formed when the 
com})ound PgHgg is heated for four to five hours with about two ])arts 
of ethyl iodide at about 160° C.® (6) Heating zinc phos})hide and ethyl 

iodide together in a sealed tube at 170° to 180° C. for twenty-four hours 
and treating the reaction mixture with potassium hydroxide gives the 
iodide.’ 

The iodide crystallises from a mixture of alcohol and ether in trigonal 
scalenohedral crystals,® r(*adily soluble in water, s[)aringly soluble in 
alcohol, insoluble in ether. Its refractive index has been determined 
by Zecchini,® Aqueous potassium hydroxide does not affect the 
iodide. When treated with chlorine at about 70° C, the dry iodide 
yields a compound^ (C 2 ll 5 ) 4 PI.Cl 4 ; this slowly loses chlorine in dry air, 
and chlorine is evolved when the compound is treated Avith water or 
alcohol. Evaporation of the alcoholic solution gives an iododichloride 
having the composition, (C 2 H 6 ) 4 PI.Cl 2 , which can be isolated in the 
form of yellow crystals.^® When tetra-ethylphosphonium iodide is 
treated with bromine, much heat is developed, and if the free bromine 
be removed by evaporation and washing the residue with ether, a bright 

^ Hofmann, Ber.y 1871, 4 , 20.5. 

* Masson and Kirkland, Tram. Chem. Soc., 1889, 55 , 138. 

® Compare Carius, Annalejt, 1866, 137 , 117; Crafts and 8 ilva, Jahresber.y 1871, p. 764. 

* Hofmann, Annalen Suppl., 1861, I, 4. 

® Cahours, Annalen, 1862, 122 , 3,31. 

* Partheil and van Haaren, Arch. Pharm., 1900, 238 , 35. 

’ Cahours, Annalen, 1862, 122 , 329. 

® Groth, Ch. Kr., 1 , 197. 

* Zecchini, Gazzetta, 1893, 23 , i, 101 . 

Masson and Kirkland, Trans , Chem, 80 c, ^ 1889, 55 , 126. 
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yellow solid results. This is dissolved in warm alcohol, when evapora¬ 
tion of the solution gives orange-red crystals having the composition 
This iododihromide is (‘onverted by ammonium 
hydroxide into a black explosive substance to which the formula 
[(C,Hs),FI.BrJ.2NH3 is assigned. In air the ammonia is slowly given 
off, leaving the iodoclibromide as a red powder. When two atomic 
equivalents of iodine in alcohol solution arc added to a warm solution 
of the phosphonium iodide in the same solvent, brown glistening plates 
are deposited. The product is a periodide, (C 2115)41*!. 1 3. M.pt. 66® to 
67 ® C., readily soluble in alcohol, less soluble in ether and insoluble in 
carbon disulphide.^ Its brown solution is decolorised by reducing 
agents and gives easily soluble double salts when treated with mercury 
halides. The iodide also forms double salts with bismuth halides : 
3(C2ll5)4PI.2BiCl3, golden-yellow crystals ; 3(C!2H5)4PI.Bil3, brick-red 
crystals. With mercuric iodide it yields 2(C'2H5)4PI-Hgl2» colourless 
plates from hot alcohol, M.pt. 202® C.; (C2H5)4pI.2Hgl2, yellow^ needles 
from acetone-alcohol, M.pt. 117 ® C.^ With thallic iodide^ (C2115)41^1. 
TII3, scarlet needles, is formed, insoluble in water and sparingly soluble 
in cold alcohol.® Tetra-ethylphosphonium iodide and sodium tri- 
phenylmethyl reaet in ether solution to give triphenylmethane, tri- 
cthylphosphine and sodium iodide.^ 

Tetra-ethylphosphonium chloride, (C2H5)4PC1, can only be 
isolated as a deliquescent, crystalline mass.® It decomposes quantita¬ 
tively above 300 ® C. into tricthyl]>hosphonium chloride, (C2H5)3P1IC1, 
and ethylene. The dry chloride absorbs chlorine at 105 ® to 110® C, 
and turns yellow, finally liquefying; the liquid on cooling deposits 
crystals of the irichloridcy (C2ll5)4PCl.Cl2,® a yellow, deli(piesc('nt 
substance, insoluble in ether, but de(*om])osed by water or alcohol 
forming the chloride. For this preparation the chloride is prepared 
by shaking a solution of the phosphonium iodide with freshly precipitated 
silver chloride and drying the resulting product at 110® C. The follow¬ 
ing double salts have been obtained : {P2ll5)4pFl.AuCl3, golden, glisten¬ 
ing needles from water, M.pt. 179 ° C. ; 2{C2H5)4PCl.ZnCl2, readily 
soluble in water ; ® (C2H5)4PC1.2HgCl2, white needles. M.pt. 130 ® C., 
readily dissolving in hot water or hot alcohol, but insoluble in ether ; ® 
3(C2H5)4PP1.2BiCl3, pale yellow^ crystals ; 2(C2H5)4 PCI.PtCl4,crystal¬ 
lising from water in octahedra, insoluble in alcohol or ether. 

Tetra-ethylphosphonium bromide, (C2H5)4PBr, is prepared 
from the iodide by shaking its aqueous solution with silver bromide.^® 
The dry salt absorbs bromine vapour at .110® C. to form a dark red 
liquid which at ordinary tem})eratures yields a scarlet, crystalline 
solid, (C2H5)4PBr.Bre. This is not stable in air, and solution in alcohol 
converts it into the tribroniide, (€2115)4PBr.Brg. The phosphonium 

^ Jorgensen, *7. prakt. Cliem., J871, [2j, 3, 35.5. 

* Partheil and van Haaren, Arch. Fharm., U)00, 238, 35. 

® Jorgensen, J. prakt. Chem.j 1872, [2] ,6, 87. 

* Coffman and Marvel, J. Amur. Ghem. Soc., 1929, 51, 3496. 

« Letts and ColUe, Phil. Mag., 1886, [5], 22, 201. 

• Masson and Kirkland, loc. cit. 

’ Oahours and Hofmaim, AnnaleUf 1857, 104, 18; Partheil and van Haaren, loc. cit. 

® Pobal, Annalen, 1861, 120, 198. 

• Partheil and van Haaren, loc. cit. 

Jdrgensen, loc. cit. 

Cahours and Hofmann, loc. cit. 

Masson and Kirkland, loc. cit. 
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bromide yields a bright yellow double salt with bismuth bromide^ 
3(C2H5)4PBr.BiBr0, which is comparable with the corresponding 
animonium compound, 3(C2H^)4NBr.BiBr3.i 

Tetra-ethylphosphonium sulphate, | (C2lI,^)4P]2S04, occurs when 
the iodide is treated w^ith silver sulphate. Dry distillation of the 
sulphate causes decomposition with forjnation of triethylphosphine 
oxide and sulphide.^ Bromine vapour reacts with the dry sulphate at 
110° C. yielding a red mass corresponding to [(C2Hi^)4PlaS04.Bri2** 
Chlorine is absorbed less readily by the sulphate even at 130° C., 
yielding [(C2ll6)4Pj2S04.Cl4, a yellow solid which dissolves in water 
with effervescence due to the evolution of chlorine ; the compound 
deliquesces on exposure to the air and slowly loses chlorine in a current 
of dry air. 

Tetra-ethylphosphonium nitrite, ((!2H5)4PN02, occurs when the 
sulphate is treated with barium nitrite. It is a pale yellow deliquescent 
product.^ 

Tetra-ethylphosphonium cyanide, (C2H6)4PCN, is formed by 
the action of silver cyanide upon the phosphonium iodide.'* When it 
is heated with water it is decomposed, forming triethylphosphine oxide, 
hydrocyanic acid and ethane. 

Tetra - ethylphosphonium carbonate, [(C2H5)4P]2C03, forms 
highly deliquescent, needle-shaped crystals. These at 240° to 250° C. 
are decomposed with formation of triethylphosphine, triethylphosphine 
oxide, diethyl ketone, carbon dioxide and a gaseM>us hydrocarbon 
(C4HJQ?). An acid carbonate is known, and this gives a similar result 
when decomposed by heat. 

Tetra - ethylphosphonium acetate, (C2H5)4B.OCOCH3, crystal¬ 
lises in needles wdiich are highly deliquescent, and on heating is decom¬ 
posed into triethylphosi)hine, triethylphosphiiic oxide, methyl ethyl 
ketone, methane, ethylene and carbon dioxide : 

(C2U5)4P.0C0CH3 == (C2H,)3P0 + (2115(0(113 

(C2H5)4P.0C0( H3 == ((:2li5)3P + ( O2 + ( 2H4 + CH4 

Tetra-ethylphosphonium oxalate, [(('21^5)4^^]2^ 2^4-—This salt 
separates as fine crystals which decompose at 200° to 230° C. into 
triethylphosphine oxide, triethylphosphine, diethyl ketone, ethylene, 
carbon dioxide and carbon monoxide. 

Tetra-ethylphosphonium benzoate, (C2H5)4P.OCOC6H5, is iso¬ 
lated as radiating, deliquescent crystals, M.pt. 1G0° C., decomposed by 
heat into triethylphosphine, tricthylphos})hine oxide, phenyl ethyl 
ketone, ethyl benzoate, benzene, ethylene and carbon dioxide. 

Tetra-n-propylphosphonium bromide, (C3H7)4PBr, crystallises 
best from alcohol, and decomposes at 200° C.® 

Tetra-isopropylphosphonium iodide, [(CH3)2CHJ4PI,’ may be 
prepared by the interaction of tri-i>opropylphosphine and ^>opropyl 
iodide at 100° C. It crystallises in cubes or octahedra. 

Tetra-isobutylphosphonium iodide, [(CH3)2.CH.CH2]4PI.—This 

^ Jdrgeiisen, loc. cit. 

* Letts and Collie, loc, cii, 

^ Masson and Kirkland, he. cit. 

* C. R&y and N. R&y, J. Iruiian Vhem. Soc., 1928, 5 , 733. 

* Letts and Collie, l^. cit. 

^ Davies, Pearse and Jones, J. Chem. 80 c. t 1929, p. 1262. 

7 Hofmann, Her., 1873, 6 , 295. 
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j)roduct has not been obtained in the pure state. It is crystalline and 
is formed when tri-i^obutylphosphine and i,9(?butyl iodide are heated 
together for several hours at 120° U. 

Tetra-isoamylphosphonium iodide, is a crystalline 

])roduet resulting from the interaction of tri-UYJamylphosphine and 
2’,9f>amyl iodide. 

Mixed Quaternary Phosphoniurn Compounds. 

Trimethylethylphosphonium iodide, (CH3)3P(C2H5)I, may be 
isolated: (1) iiy treating trimethylphosphine with ethyl iodide.^ 
(2) By the interaction of dimcthylethylphosphine and methyl iodide.^ 
It sc‘paratcs in shining (*rystals from boiling alcohol. 

Trimethylethylphosphonium chloride, (CH3)3p{C2ll6)f 1, ob¬ 
tained in the usual manner from the iodide, is a deliquescent substance. 
Wiicn heated above ii()()° C. it decomposes without melting with forma¬ 
tion of ethylene and trimethylphosphonium chloride or dimethylethyl- 
phosphonium chloride : 

(CII3)3P(C2H3)C1 = (CH3)3PHC1 +( 2H4 
2(Cll3)3P(C2H3)Cl ^2(CH3)2P(C2HjnCl 

The chloride yields a plaiinichloride, 2C5lIj4pCl.Pt(l4, which crystallises 
from water in octahedra. 

Trimethyl-^-bromoethylphosphonium bromide, CHgBr.CHa. 

P(CH3)3Br,^ occurs when trimethylphosphine and an excess of ethylene 
dibromide are heated together in absolute alcohol at 50° to 60° C. 
The crystals are rhombic-bipyramidal.^ It forms a platinichloride^ 
2C5Hi3Br.P.Cl.PtC,'l4, orange-yellow needles. 

Trimethyl-jS-hydroxyethylphosphonium chloride, CHgOH. 

chloride is formed when a solution of trimcthyl- 
j8-bromoethylphosphonium chloride is treated with silver oxide and 
the filtered solution acidified with hydrochloric acid. The platini- 
chloride, 2C3H440P( l.PtCl4, crystallises in octahedra, readily soluble 
in water. 

Trimethyl - carboxymethyl - phosphoniurn chloride, (CHa)^ 
P(CH2.P02^1)^'^*—This is formed by the condensation of tri¬ 
methylphosphine and monochloracetic acid.^ It is a deliquescent, 
crystalline mass, yielding an orange-yellow, crystalline platinichloride, 
I’cadily soluble in boiling water. The phosphoniurn 
iodide, CglligOgPI, forms plates, easily soluble in water. 

Trimethylisoamylphosphonium iodide, C5llj3.P(CH3)3l, results 
when trimethylphosphine reacts with i9oamyl iodide in ether solution.® 
It crystallises from alcohol in needles. The corresponding chloride 
yields a platinichloride, 2C5HiiP(CH3)3Cl.PtCl4, consisting of orange- 
yellow needles, readily soluble in water. 

Triethylmethylphosphonium iodide, (C2H5)3P(CH3)I.~Triethyl- 
phosphine and methyl iodide react with explosive violence, so 
that it is necessary to use ether as a solvent in preparing the phos- 
phonium iodide. The methyl iodide may be replaced by methylene 

^ Cahours and Hofmann, Annalen, 1867, 104 , 33. 

* Collie, Trans. Chern. Sac., 1888, 53 , 720. 

® Hofmann, Aiinalen Suppl, 1861, i, 282; Phil. Trans., 1860, 150 , 497. 

* Sella, Annalen Suppl., 1861, i, 283; compare Groth, Ch. Kr., i, 194. 

« Meyer, Ber., 1871, 4 , 736. 

* Cahours and Hofmann, loc. cit. 
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iodide, using a large volume of ether at 100® C., but by-products result 
in this reaction.^ The iodide is crystalline and yields the corresponding 
hydroxide when treated with moist silver oxide.^ 

Triethylmethylphosphonium chloride, (C2n5)3l*(UH;j)('l. The 
foregoing hydroxide yields the chloride when mixed with hydrocthloric 
acid. The chloride gives a platinichloridc, 2(C2H5)3P(CH3)Cl.PtCl4, 
consisting of shining oc!tahcdral crystals, insoluble in alcohol or ether, 
but crystallisable from boiling water.® Distillation of the chloride 
gives ethylene and a crystalline distillate which is converted by sodium 
hydroxide into methyldiethylphosphine.^ 

T riethyl - ^8 - chloroethylphosphon i u m chloride , CH2CI. CH 2. 
P(C2H5)3C1,® occurs when triethyl))hosphinc reacts with a large excess 
of ethylene dichloride in the cold. It crystallises in needles and forms 
a platinichloride, 2CH2Cl.CH2.P(U2H5)3Cl.PtCl4, separating in orange- 
yellow needles. It is converted to the ^-hydroxijethyl conqxmnd by 
moist silver oxide. 

Triethyl-jS-bromoethylphosphonium bromide, Cn2Br.CH2* 

P(C2115)3111'.—The ))reparation of this com])ound is similar to that 
of the preceding chlorid(‘, the ethylene dichloride })eing re])Ia(*ed by 
ethylene dibromide. It crystallises from absolute alcohol-cther in 
cubic crystals, decomposing at about 285® C.® Silver chloride converts 
it into triethyl-^-hromoethylpho.sphonium chloride, and in a similar manne^r 
the sulphate and nitrate are obtained. Moist silver oxide r(‘places the 
bromine by hydroxyl grou))s, and heating with silver acetate^ and w^ater 
at 100® C. transforms the bromide into triethylvinylphosphoniuni acetate. 
Alcoholic )^otassium hydroxide decomposes the broitiide, and zinc and 
sul))lmric acid reduce it to tetraethylphosphonium bromide. On heat¬ 
ing at 100® C. for thirty minutes with alcoholic ammonia, the hydro- 
bromide of triethyl-fi-aminoethylphosphofiium bromide is formed, whilst 
trimethylphos2)hine and triethylarsme give the following cmtqmunds 
respectively: BrP(CH3)3.CHo.CH2.P(C2ll5)3Br and BrP(C,ll5)3.Cll2. 
CH2.As(C2ll5)3Br. 

Triethyl-j 8 -bromoethylphosphonium iodide, CHgBr.Cilg. 

forms s(;ales, sparingly soluble in cold water, whilst the 
corresponding sul2)hate crystallises in needles, very soluble iu w^ater 
or alcohol. 

Triethyl- j 8 -bromoethylphosphonium chloride, CHgBr.CIIa. 

is obtained as already described. It forms a double salt 
with auric chloride, C8Hi9BrPCl.AuCl3, crystallising in pale yellow 
needles, sparingly soluble in cold water. The 
2C8Hi9BrPC'l.PtCl4, consists of orange-yellow, monoelinic prisms,^ 
readily soluble in hot W'ater but sparingly soluble in cold water. 

Triethyl - jS-hydroxyethylphosphonium hydroxide, CHoOH. 
CH2-P(C2^5)3011, is prepared by treating triethyl-^-bromoethylphos- 
phonium bromide with silver oxide in the presence of w^ater.® It is a 

^ Hofmann, Jahresber., 1860, p. 342. 

* Cahours and Hofmann, loc, ciL; Hofmann and Cahours, Quart. J. Chem. 1859, 
12 , 56. 

® 8 ee Groth, Ch, Kr., i, 479. 

* Collie, loc. cit. 

® Hofmann, Annahn Suppl., 1861, i, 276; l^hil. Trans., 1860, 150 , 497. 

* Sella, Annahn JSuppL, 1861, i, 156; compare Groth, Oh. Kr., 1 , 197; Hofmann, 
Annalen SuppL, 1861, i, 155. 

^ Sella, loc, cit, 

* Hofmann, Annalen SuppL, 1861, 1 , 164, 165. 
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white, hygroscopic mass, which has a strongly alkaline reaction. It 
decomposes on heating into triethylphosphine oxide and ethylene. 
Triethyl-jS-hydroxyethylphosphonium chloride, (^HoOILCII^. 
P(('2116)3^1. Molecular quantities of ethylene chlorhydrin and tri- 
ethylpjfiospliine eondeosc to give this chloride when heated together for 
two hours at 150'' C. in a sealed tube filled with carbon dioxide.^ The 
])roduct is a white, very hygroscopic crystalline mass, combining with 
nuric chloride to form C8II20OPCI.AUCI3, which (;rystalliscs from hot 
water. It melts at 171° to 172° C., and liquelies when heated under 
water. Mercuric chloride forms the double salt CgHgoOPC'l.lIgClg* M.pt. 
1G4° C. when crystallised from water. I'he platiuichloride, 2C8H2o^^l’^ 1* 
PtCl^, forms orange-yellow octahedra from water, M.pt. 221° to 222° C., 
belonging to the regular system.^ Triethyl-drooryethyljyhosphoniw^^ 
iodide crystallises in needles, very soluble in water or alcohol.^ 

Triethyl-carboxymethyl-phosphoniumchloride,(C2^^6)3^^(^'^2- 

COgll)!'!, is formed when tricthyl-carbethoxyjnethyl-phosphonium 
chloride is treated with silver oxide and the anhydride thus produced, 

/^•***\ . 

(C2H5)3lV yCO, is mixed with hydrochloric acid.^ It yields a 

platinichloride, 2C8Hi802PCl.PtCl4. 

Triethyl-carbethoxymethyl-phosphonium chloride, (C2II5) 3 
P(CIl2.CX)2^2115)^1, is the condensation product of monoehloracetict 
ester and triethylphosphine. It has only been isolated as a viscous 
mass. 

Triethyl-^-aminoethylphosphonium bromide, BrP(C2n6)3. 
Cn2ATl2NH2.—The bromine of the corres})onding )S“bromoethyl com- 
})ound is replaced by the amino-group by heating with alcoholic am¬ 
monia at 100° C. for thirty minutes.® Treatment with moist silver 
oxide gives the free base as an oil, which is transformed into triethyU 
vinylphosphonium hydroocide when heated. 

Triethyl - - aminoethylphosphonium chloride, ClP(C2ll5)3. 

Cll2.(Tl2'^1^2» i*^ prepared by the usual methods. It forms a compound 
with auric chloride, C8II21NPCI.HCI.2AUCI3, golden-yellow needles, 
sparingly soluble in water, and with platinic chloride, CgHgiNPCl.IICl, 
PtCl4, yellow rhombic crystals,® sparingly soluble in boiling water. 

Triethyl - ^3 - methylaminoethylphosphonium bromide, 
BrP(C2ll6)3.CH2.CIl2.NHCH3, occurs as the hydrobromide w^hen tri- 
ethyl-jS-brornoethylphosplionium bromide is heated with methylamine 
as described already for the j8-amino-(;ompound. The bromide is con¬ 
verted into the hydroxide by silver oxide in the presence of watcT, 
and the base with hydrochloric acid yields the chloride. The latter 
forms a platinichloride, p9H23NPCl.HCl.PtCl4, crystallising in needles 
and sparingly soluble in water. 

Ethylene - trimethylammonium hydroxide triethylphos- 
phonium hydroxide, H0.P(C2H5)3.CH2.CIl2.N(CH3)30H, is formed 
as brojnide hydrobromide when the methylamine in the preceding pre¬ 
paration is replaced by triethylamine. The base may be isolated in 

^ Partheil and Gronover, Arch. Pharm., 1903, 241 , 409. 

* Sella, loc. cit. 

® Hofmann, loc. cit. 

* Hofmann, Jahresber., 1862, p. 334. 

* Hofmann, Annalen Suppl., 1861, i, 290; Phil. Trans., 1860, 150 , 497. 

* See Groth, Ch. Kr,, 3 , 69. 
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the usual manner. The cMoride yields a platinichloride^ CuHgaNPCIg. 
PtCl4, crystallising in needles. 

Triethyl - ^ - ethylaminoethylphosphonium bromide, 

13 rP(C 2 H 5 ) 3 .CH 2 .('ll 2 .NH(' 2 ll 6 *—This is produced when etliylaniine 
is used in the foregoing condensation. The solution of the base yields 
the chloride with hydrochloric acid, and the chloride forms a platini- 
chloride, CjoH25NPCl.HCl.PtCl4, which crystallises from water in orange- 
yellow crystals. 

Triethyl - /3 - diethylaminoethylphosphonium bromide, 

BrP(C2H5)3.CIl2.CH2.N(C2Hg)2, is isolated by using dicthylamine in 
the foregoing condensation. It forms a base, the* chloride of which gives 
a plaimichloride, t'rystallising in plates. 

Triethylhydroxymethylphosphonium iodide, (C’2ll5)3 
P(CH20H)1, is the ])roduct of the interaction of methylene iodide 
and triethylphos})hine, the reaction being carried out at 100° C. in ether 
solution.^ The base may be isolated in the usual manner. 

Triethylchloromethylphosphonium chloride, (Calls)^ 
P(CH2C1)C1. -- Equimolccular quantities of methylene chloride and tri- 
ethylphosphinc are heated together at 100" C.^ The chloride also 
occurs when chloromethenyl-tm-triethylphosplionium chloride (see 
below) is partially decom})osed in aqueous solution.® It yields a platini- 
chloride, 2C7Hi7ClPCl.PtCl4, crystallising in needles, sparingly soluble 
in water. 

Triethyliodomethylphosphonium iodide, (C2ll6)3P(CIl2l)I.— 
In the preparation of this compound the methylene chloride in the 
foregoing is replaced by methylene iodide. The iodide crystallises from 
alcohol, and is readily soluble in water, insoluble in ether.^ The base, 
obtained by the action of moist silver oxide, is converted to the chloride 
by hydrochloric acid. The chloride gives a platinicMoride, 2C7H17IPCI. 
PtCl4, separating from boiling water as sparingly soluble needles. 

Methenyl-tris-triethylphosphonium iodide, [(('2H5)3PI]3CH, 
is the condensation product of iodoform and triethyiphosphine.^ It is 
decomposed by moist silver oxide, forming triethylphosjdiijie oxide and 
methyltriethylphosphonium hydroxide. It crystallises from alcohol, in 
which it is sparingly soluble, is readily soluble in water, insoluble in 
ether. A zinc iodide double salt is known, 2[(C2H5)3PI]3(TI.Znl2, a 
crystalline solid, sparingly soluble in water. The chloride forms a 
plaiinichloride, 2[(C2H5)3PCl]3CH.PtCl4, yellow monoclinie prisms from 
hot hydrochloric acid, sparingly soluble in water.® 

Chloromethenyl - tris - triethylphosphonium chloride, 
[(C 2H5) 3PUIJ 3CCI.—TriethyIphosphine and tetrachloromethane rcacit 
in ether solution to give this chloride as a very hygroscopic mass.'^ 
Its aqueous solution partially decomposes with formation of triethyl- 
chloromethylphosphonium chloride. It forms a ^datinichloride, 

2[ (C2H5)3PCl]3CC1.3PtCl4. Replacement of tetrachloromethane by tetra- 
bromomethane yields bromomethenyl-tris4riethylphosphoniuni bromide, 

Triethyl-n-propylphosphonium chloride, C3lT7.P(C2ll5)3Cl, is 

^ Hofmann, Jahresber., 1800, p. 342. 

2 Hofmann, ibid., 1861, p. 487. 

2 Hantzsch and Hibbert, Ber., 1907, 40 , 1516. 

* Hofmann, Jahreaber., 1860, p. 341. 

» Hofmann, ibid., 1869, 377. 

• Compare Groth, Ch. Kr,, 3 , 44. 

’ Hantzsch and Hibbert, loc, ciU 
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prepared from triethylphosphine and propyl chloride by heating them 
together at 130 ° C.^ It is decomposed by heat into ethylene and diethyl- 
propylphosphine. It forms a 'platinichloridey 2C9ll22PCI.PtCl4. 

Triethylisoamylphosphonium iodide, UQnii.P(C2H5)3l, is pre¬ 
pared from its components in the usual manner.^ The reaction takes 
several days to complete in the cold and the iodide separates from the 
ether solution in shining (crystals. The corresponding chloride is formed 
by heating an excess of 2 . 9 oamyl chloride with triethylphosphine at 
130 ° C. ; it is deliquescent and difficult to crystallise ; ^ heat decomposes 
it into ethylene and diethylwearnylphosphine. The chloride forms a 
platinichloride, 2C5Hii.P(C2ll5)3Cl.PtCl4, crystallising in prisms, some¬ 
what soluble in water but sparingly soluble in alcohol. 

Triethylvinylphosphonium bromide, CH2:ClI.P(C2ll5)3Br.— 
This compound is obtained when triethyl-j 3 -l)romoethyli)hosj)hoiuum 
bromide is heated at 200° C.^ The corresponding hydroxide occurs 
when a concentrated solution of triethyl-j3-hydroxyethylphos])honium 
hydroxide is evaporated over a naked flame ; it may also be j)repared 
by heating ethylcne-6i6’-triethyl])hosphonium hydroxide at 200° C. or 
by heating tricthyl-^-aminoethylphosphonium hydroxide. The chloride 
yields a platinichloride, 2C3H,gPCl.PtCl4, crystallising in oetahedra. 
An acetate may be isolated by heating triethyl-jS-bromoethylphos- 
phonium bromide with silver acetate and water at 100° C. 

Triethylallylphosphonium iodide, CH2:CH,CH2.P(C2B5)3l, is 
the condensation product of allyl iodide and triethylphosphine. It 
crystallises from alcohol in needles.® 

Tri-n-propylmethylphosphonium iodide, (('3117)3(0113)1^1, ])re- 
pared from tri-?i-propylphosphine and methyl iodide, melts at 212 * 5 ° 0 .® 

Tri-n-butylmethylphosphonium iodide, (04119)3(0113)1^, owing 
to the violence of the direct action between methyl iodide and the 
phosphine, is most conveniently prepared by mixing dilute ether 
solutions of the reactants ; the white crystalline precipitate, M.pt. 
133 * 5 ° C., is ])urified by washing with ether. 

Tri-n-butylethylphosphonium iodide, (04119)3(02115)?!, melts 
at 153 ° C. 

Tri-isoamylmethylphosphonium iodide, (051111)3(0113)?!, is 
precipitated as an oil which solidifies on keeping.® 

Dimethyldiethylphosphonium iodide, (0H3)2p(02H5)2l, is 
obtained by treating methyldiethylphosphine with methyl iodide.® 
The corresponding chloride decomposes when heated into ethylene and 
a distillate which yields dimcthylethylphosphine when treated with 
sodium hydroxide. The chloride forms a platinichloride^ 20gHi9p01. 
Pt0l4. 

Methylethylisopropylisobutylphosphonium iodide, (0113)2011. 
0H2.P(0H3)(02H5)[CH(0H3)2]I, is a crystalline compound, isolated 

^ Collie, Trans. Cham. JSoc., 1888, 53 , 720. 

* Cahours and Hofmann, Annalen, 1857, 104 , 27; Hofmann and Cahours, Quart. J. 
Ohem. Hoc.t 1859, 12 , 56. 

* Collie, loc. cit. 

* Hofmann, Annalen Suppl.y 1861, i, 174; Jahresber.y 1860, p. 338; Phil. Trans,, 
1860, 150 , 449. 

® Hofmann, Annalen Suppl., 1861, i, 52. 

* Davies, Pearse and Jones, J. Chem. Soc., 1929, p. 1262. 

’ Davies and Jones, J. Chem. Soc., 1929, p, 33. 

* Davies, Pearse and Jones, loc. cit. 

* Collie, loc. cit. 
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from the interaction of ethyh^opropyl/^obiitylphosphine with methyl 
iodide.^ 

Methyltri-isobutylphosphonium iodide, [(CH3)2CH.CH2]3 
P(CH 3 )T, is the condensation product of tri/<vcbutylphosj)hiue and 
methyl iodide ; it may be recrystallised from water. 

Nitrogen-Phosphorus Phosphonium Compounds, 

Triethylamine-N-methylphosphonium iodide,^ [(^'2^J5)2^J3 
P(CH 3 )I, is a colourless oil, soluble in water, insoluble in ether. 

Diethylamine - N - ethoxymethylphosphonium iodide, 
[(C 2 H 5 ) 2 NJ 2 P( 0 C 2 H 5 )(CH 3 )I, is an oil, boiling at 145° to 148° C. at 
22 mm. 

Tri - n - propylamine - N - methylphosphonium iodide, 

I(C 3 H 7 ) 2 N] 3 P(CH 3 ) 1 , forms white needles, M.pt. 83° to 84° C., readily 
soluble in water or alcohol. 

Tri - isopropylamine - N - methylphosphonium iodide, 

f(C 3 H 7 ) 2 N] 3 P(Cn 3 )I, yields white needles, M.pt. 138° C. 

Di-sec.-propylamine-N-ethoxymethylphosphonium iodide, 
[(C 3 ll 7 ) 2 N] 2 P(OC 2 H 5 )(CH 3 )I, is readily soluble in water and may be 
converted into the dipropylamide of mcthyl])hosphinie acid, CHg. 
P(3fN ((' 3117 ) 2 ] 2 , boiling at 176° to 180° C. at 25 mm. 

Di - isobutylamine - dipiperidine - N - methylphosphonium 
iodide, |(C 4 llo) 2 Nj 2 P(CyiioN) 2 (CIl 3 )I, is an oil. 

Di-isobutylamine-N-phenoxymethylphosphonium iodide, 
f(<^ 4 H 9 ) 2 N| 2 P(OC 3 ll 5 ){CH 3 )I, crystalliscs in needles, M.pt. 132° C., 
soluble in alcohol, insoluble in ether. 

Phosphonium Compounds containing Two Atoms of Phosphorus, 

Methylene-bis-triethylphosphonium chloride or Methylene- 
hexaethyldiphosphonium dichloride, Cl(C2H5)3P.Cll2.P(C2ll5)3Cl,^ 
occurs when two molecular proportions of triethylphosphine react with 
one molecular proportion of methylene chloride. The product is a 
crystalline mass, decomposed by \vatcr with formation of mcthyltri- 
ethylphosphonium chloride, triethylphosphine oxide and hydrochloric 
acid. 

Ethylene-bis-trimethylphosphonium bromide, BrP(CIl3)3. 
CH 2 .CH 2 .P(CH 3 ) 3 Br.—To produce this bromide, ethylene dibromide 
is heated with an excess of trimethylphosphine.^ Its crystals are 
monoclinic-prismatic ® and are very deliquescent. The corresponding 
chloride gives a platinichloride, C 8 H 22 P 2 ^'J 2 -PtCl 4 , golden yellow plates 
from boiling hydrochloric acid, insoluble in water. The iodide forms 
sparingly soluble needles. 

Ethylene -trimethylphosphonium hydroxide triethylphos - 
phonium hydroxide, H 0 .P(CH 3 ) 3 .CH 2 .CH 2 .P(C 2 H 5 ) 30 H.—This base 
is obtained by treating the corresponding dibromide with silver oxide 
in the presence of water. The dihromide is the product of the inter¬ 
action of trimethylphosphine and triethyl-j 8 -bromocthylphosphonium 

1 Hofmann, Ber„ 1873, 6 , 301. 

* Michaelis and Mottek, AnnaleUy 1903, 326 , 163. 

* Hofmann, Jahresber,, 1861, p. 487. 

* Hofmann, Annalen Suppl., 1861, i, 287; Jahresber., 1860, p. 340. 

* Sella, Annalen Suppl., 1861, i, 288; see Groth, Ch. Kr., 3 , 58. 
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bromide. The dichloride forms a platinichloride, CiiH 28 P 2 Cl 2 .PtCl 4 , 
cTystallisiii^T from boiling water in pale yellow scales. 

Ethylene-bis-triethylphosphonium bromide, HrP(C2H5)3.CH2. 
CIl2.P(C2H5)3Br, is obtained by the interaction of tw^o inolecmlar 
(equivalents of triethyl])hosphine and one molecular equivalent of 
ethylen(‘ dibromid(i in cither solution. It (Tystallises in needles, nmdily 
soluble in absolute alcohol, insoluble in ether.^ An aqueous s(dution of 
the base is formed by treating the bromide in water with silver oxide : 
eva])oration yields a thick syrup which absorbs carbon dioxide from the 
air. When clecomposed by heat above 160° C. the base yields tric^thyl- 
phosphine, triethylphosphine oxide and ethylene. The bromide forms 
an addition product with siher broynide, 

Ethylene-bis-triethylphosphonium chloride, riP(C2H5)3.CHo. 
CH 2 .P(C 2 H 5 ) 3 ( 1 , is isolatecl when triethylphosphine and ethylene di- 
ehloride are heated together at 120° C. It forms highly deliquescent 
plates, soluble in water or alcohol. It yields the following double salts : 
ri 4 ll 34 P 2 Cl 2 - 2 AuCl 3 , 3 ^ellow needles, readily soluble in boiling water, 
sparingly in (;old water; 2C-34ri34P2Cl2.3HgCl2» needles or ])lates, 

sparingly soluble in water or aleoliol; Ci 4 ll 34 P 2 Cl 2 -PtCl 4 , orange-red 
monocdinici crystals from hydrochloric acid, insoluble in boiling water.^ 
Ethylene-bis-triethyiphosphonium iodide, IP(C2n5)3.CH2.CHg. 
P(C 2 Hg) 3 l, (Tystallivses from boiling w^ater in needles, M.pt. 231° C-., 
readily soluble in hot water, sparingly soluble in alcohol and insoluljle 
in ether ; 100 parts of water at 100° C. dissolve 458*3 parts of the iodide ; 
at 12° C. only 3*08 parts of the salt dissolve. The double salt with zinc 
iodide^ C,4H34P2l2*55nl2, crystallises from hot water in long ne(xll(^s. 

Compounds Deiuvkd from the Action of Hydrogen 
P nospniDE ON Formaldehyde. 

Tetrahydroxytetramethylphosphonium chloride,^ (CH20H)4 
VCl, is formed when hydrogen jihosphide is passed into a warm 
aqu(^ous solution of formaldehyde acidilied with hydrochloric acid. 
It melts at 151° C., and with alkali hydroxides or carbonates re¬ 
action takes })laec in two stages, hydrogen (1 mol.) and formaldehyde 
(1 mol.) being liberated at each stage. Sodium hydroxide or carbonate 
below 80° C. and barium carbonate at 100° C. give trihydroxytrimethyU 
phosphine oxide, the trihenzoate of which melts at 110° C. 

Dihydroxydimethylphosphinic acid,^ (CH 20 H) 2 P 0 ( 0 H), is 
isolated in the form of its barium salt when the foregoing phosphonium 
chloride is boiled with aqueous barium hydroxide solution until evolution 
of hydrogen ceases. The salt forms well-developed crystals, moderately 
soluble in water, insoluble in alcohol. 

Tetrachlorotetramethylphosphonium chloride, (CH2C1)4PC1,— 
Tetrahydroxytetramethylphosphonium chloride and phosphorus penta- 
chloride react when boiled together for four hours in carbon tetra¬ 
chloride solution to give the tetrachloro-eompound. It consists of 
white crystals, M.pt. 192° to 193° C., readily soluble in water, but not 
hygroscopic. In alcohol it is readily soluble, sparingly soluble in ethyl 
acetate, chloroform and carbon tetrac^hloride. The dry compound is 

^ Hufmann, Annahn Suppl., 1801, i, 177; Phil. Trans., 1800, 150 , 449. 

* See 8 ella, Annalen Suppl., 1861, i, 197. 

® Hoffman, J. Amer. Chem. Soc., 1921, 43 , 1684. 

* Hoffman, ibid., 1930, 52 , 2995. 
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odourless, but the aqueous solution has a distinct odour due to hydrolysis 
and breaking up of the phosphonium hydroxide into the phosphine. 

Trichlorotrimethylphosphine, (CHgCl )3P, occurs when the 
preceding compound is hydrolysed by alkalis or sodium hydrogen 
carbonate. It boils at 100 ° C. at 7 inni., density 1*414 at 20 ° C. It is 
stable in air but is oxidised by nitric acid (density 1 * 2 ) to trichlorotri- 
methyljyhosphine oxide, (CTIgCljaPO, M.pt. 78° C., a hydrate containing 
0*5 mol. of w^ater melting at 88 ° to 89° C. This oxide with sodium 
b(?nzoate at 200 ° C. gives tribcnzoyloxytrimethylphosphine oxide. 

Compounds of the Type RPClo. 

These compounds are best obtained by heating a mixture of mercury 
dialkyl and phosphorus triehlondc in a sealed tube for six hours at 250°C. 
The compounds are clear mobile liquids of sharp, unpleasant odour, 
decomposed by water and coloured yellow in the ])resenee of moisture.^ 
The react ion takes the following courses, but if a higher temperature than 
that stated above is used, the alkylmercurit* halides formed in the reaction 
are decomposed : 

. R^Hg +PCI 3 -RHg( 1 f UPCI 2 

The following derivatives have been isolated : EthykUchlorophosjjhin^ 
B.pt. 114° to 117° C., density 1*2952 at 19° C. ; n-propyldichloro~ 
phosphine, R.pt. 140° to 143° C., density 1*1771 at 19° C. ; ifiopropyl- 
dichlorophosphme, B.j)!. 185° to 138° C., density 1*2181 at 28° C.; 
isohutyldichlorophosphine, B.pt. 155° to 157° C., density 1*1230 at 
23° C.; isoaniyldichlorophosphim, B.pt. 180° to 183° C., density 1*1024 
at 23° C. 

When the foregoing compounds are treated with chlorine, they 
yield tetrachlorides of the type RPCI4. These are yellowish-white 
substances resembling phosphorus peidachloride in ap})earan(‘e and 
rapidly changing to oxyehlorophosphines in the air. They Ibrm double 
compounds with inorganic halides, e,g, SbCl 5 gives RPC^.SbClg. Bromine 
v’^apour yields white hygroscopic solids of the ty])e RPClgBrg. Sulphur 
dioxide converts the tetrachlorides into oxychlorides of the ty})e 
RPOClg, and these derivatives are dealt with in the section on phos- 
phinic acids. The alkyldichlorophosphines, when heated in a scaled 
tube for two to three hours with sulphur at 120 ° to 125° C. yield trans¬ 
parent, 3 ''cllow liquids of pungent odour, which are stable in the presence 
of water and have the general formula RPSClg; the following com¬ 
pounds arc known : ethylthiodichlorophosphme, B.pt. 80° to 82° C. at 
50 mm., density 1*3606 at 70° C, ; n-propylthiodichlorophosphine, B.])t. 
95° to 98° C. at 50 rum., density 1*2854 at 20 ° C. ; isobutylthiodichloro- 
phosphine, B.pt. 110 ° to 113° C. at 50 mm., density 1*2515 at 20 ° C. ; 
isoamyUhiodichlorophosphine, B.pt. 130° to 132° C. at 50 mm., density 
1*1771 at 20 mm. 

Compounds of the Type RP(0H)2. 

The following alkylphosphinous acids of the general formula 
RP( 0 H )2 are obtained by the action of w^ater on the corresponding 
alkyldichlorophosphines. They are colourless syrups, solidifying below 
0 ° C., moderately soluble in water. They are monobasic and are some- 

1 Guichard, Bet., 1899, 32 , 1672; oomparo Michaelis, Ber., 1880, 13 , 2174. 
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times /yiven the alternative structure 0=:PH(R)0H.^ The densities 
of th(‘ known acids are as follows : ethylphosphinous acid, 1-2952 at 
19“ C\ ; n-propylphos phi nous acid, 1-1418 at 13° C. ; isopropylphos- 
phinous acid, 1-1801 at 10° C. ; isobutylphosphimms acid, 1-0740 at 
23° i\ ; isoawylphosphinous acid, 1-0013 at 23° C. The alkali salts 
of the acrids readily dissoh^e in water, but th(‘ alkaline earth, lead and 
iron salts arc insolu})le. The ethyl-acid is decomposed by heat into 
ethylphosphine and ethylphosphinic acid, and at 00° to 135° C. the 
#>^mmyl-acid yields ?.voainyl])hosphine and ?^9oamylphos])hinic acid. The 
ammonium salt of the isoamyl-acid crystallises in fine needles, readily 
soluble in water or alcohol; the iron salt is a white precipitate. 

Compounds of thk Type l{rO(OH) 2 . 

These acids may be obtained in several ways : 

(1) Pure })rirnary phos])hines are oxidised directly by fuming nitric 
acid. 

(2) The corresponding alkylphosphinous acids are oxidised by nitric- 
acid. 

(3) By treating the compounds RPCI4 and RPOClg with water. 

The last two methods are the most general ones, but several special¬ 
ised methods have been devised for specific cases. 

The acids are solids, the lower members being delic]uescent. They 
rc^adily form salts, and treatment with phosphorus pentaehloridc yields 
the; oxychlorides, RPOCI2, which are also formed when the tetrachlorides 
RPCI4 are allowed to react with sulphur dioxide. 

Methylphosphinic acid, CH3.P0(01I)2, may be prepared in 
several ways : (1) A slow stream of pure methylphosphine is passed 
into fuming nitric acid ; ^ the gas must (!ontain no free phosphine or 
explosion occurs. The liejuid is evaporated several times on the water- 
bath to remove nitric acid and the residue is then boiled with lead oxide 
to remove phosphoric acid. The lead salts arc treated with acetic acid, 
when the phosphinate dissolves, leaving the phosphate as a residue. 
The acetic acid solution is treated with hydrogen sul[>hide, which re¬ 
moves the lead as sulphide, and the filtrate on evaporation on the water- 
bath gives an oil which solidifies on cooling. (2) Diphenyl phosphite 
and 1 molecular equivalent of methyl iodide are heated together on the 
water-bath for forty-eight hours. The resulting product is shaken with 
dilute sodium hydroxide solution, when diphenyl methylphosphinatc 
results. This ester is then saponified by means of alcoholic potassium 
hydroxide or fuming nitric acid.^ (3) By heating triethyl phosphite 
with methyl iodide at 220° C., the chief by-products being ethyl iodide 
and ethylene, and small quantities of phosphorous and phosphoric acids. 

The crystals of the acid are hygroscopic, M.pt. 105° C., readily 
soluble in water or alcohol, less soluble in ether, unaffected by fuming 
nitric acid. The silver salt, CH3.PO(OAg)2, is a white, amorphous 
})recipitate, insoluble in water; the lead salt, CHg.POgPb, is a white 
amorphous powder, insoluble in water or acetic acid ; the barium salt, 
CHg.PQgBa, forms microscopic needles from dilute alcohol, readily 
soluble in water. The diethyl ester of the acid, CH3. PO(002115)2, is 

' Guichard, Btr,, 1899, 32 , 1672. 

2 Hofmann, Ber., 1872, $, 104. 

9 Miohaelis and Kd^hne, Ber., 1898, 31 , 1060. 
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obtained by the interaction of methyl iodide and triethyl phosphite at 
room temperature;» it is a liquid of pleasant odour, B.pt. 192° to 
194° ('. at 763 nim., den.sity 1-0726 at 0° C., 1-0508 at 23° C., and is 
readily soluble in water. Methylphosphinic acid reacts with two 
molecular equivalents of pho-sphorus pentachloride to yield an add 
chloride, CHg.POCla, a crystalline (-ompound, M.pt. 32° (’., B.pt. 
163° C; * it is decomposed by water into methylphosphinic and 
hydrochloric- ac-ids, and with alcohol it yields methylphosphinic acid 
and ethyl chloride. The diethylamide of methylphosphinic acid, CHj. 
l’0[N(C2H5)2l2, is formed by decomposing dicthylamine-N-cthoxy- 
phosphine niethiodide, f((’2Hs)2Nj2H((’H,.,l)dC2H6. It is a colourless, 
aromatic oil,® B.pt. 145^ to 148° C. at 22 mrn., dissolving easily in 
alcohol or ether, sjmringly soluble in water. The dipropylamide, 
CH3.PO[N(CH2.CH2.CH3)2l2, is the decom])Osition })roduct of dipro- 
])ylainine-N-ethoxyphosphine methiodide ; it boils at 176° to 180° V. 
at 25 mrn. and is soluble in ether. 

Ethylphosphinic acid, C2H5.PO(OJl)2, is pre])arcd as follows : 
(1) By the oxidation of ethyl phosphine with nitric acid.^ (2) By 
treating ethyldichlorophosphine with water and evaporating the re¬ 
sulting mixture with fuming nitric aeid.^ (8) The oxidation of ethyl- 
phosphinous acid by nitric, acid yields the phosphinie aeid.*^ (4) The 
compounds C2H5.PCI4 and CaHg.POda nre converted into ethyl- 
phosphinie acid when treated with water. 

Ethylphosphinic acid yields hygroscopic crystals, M.pt. 44° (\, 
very soluble in water ; it can be distilled without decomposition.’ 
Its silver salt, C2ll5.PO(()Ag)2, is a yellow, amorphous powder, insoluble 
in water or alcohol. The diethyl ester is formed by warming sodium 
diethyl phosj)hitc with ethyl iodide,® or by treating the oxychloridi*, 
C2H5.PO('l2, with sodium ethylate. The ester is a transparent liquid, 
B.pt. 90° to 95° C. at 20 mm. or 198° C. at 760 n>m., density 1 025 at 
21° C.; it has an odour resembling that of apples, and its aqueous 
solution docs not reduce mercuric chloride. The oxychloride, ('2^^5* 
POCI2, is obtained by the ac^tion of water on the tetrachloride, C2^^5* 
PCI4,® or by treating the tetrachloride with sulphur dioxide. It 
boils normally at 175° C. or at 75° to 78° C. at 50 mm., and has a density 
of 1*1883 at 20° C. Water converts it into ethylphosphinic acid, and 
sodium ethylate yields the diethyl ester of (‘thylphosjihinic acid. 

n-Propylphosphinic acid, CH3.CH2.CH2.PO(OH)2, occurs when 
the corresponding ])hosphinous acid is oxidised by nitric a(*id or the 
tetrachloride decomposed by water.It is isolated in the form of 
hygroscopic scales, soluble in water and melting at 66° C, The diethyl 
ester is the prodtict of the interaction of propyl bromide and tricthyl 
phosphite at about 160° C.; it is a liquid, B.pt. 86° to 88° C. at 8*5 mm., 

^ ArbuBoff, J. Rush, Phys. Chem. Soc., 1906, 38 , 687; Chrm. Zentr., 1906, ii, J640. 

^ H.ofmann, Ber., 1873, 6 , 306. 

® Micbaclis and Mottek, Annalen, 1903, 326 , 164. 

Hofmann, Ber., 1872, 5 , 110. 

® Michaelis, Ber., 1880, 13 , 2175. 

® Giiichard, Bcr., 1899, 32 , 1572. 

^ Hofmann, loc. cit. 

* Michaolis and Becker, 1897, 30 , 100.3. 

® Michaelis, loc. cit. 

Guichard, loc. cit.; Michaolis and B<*cker, loc. cit. 

Guichard, loc. cit. 

Arbusoff, loc. cit. 
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density 1-0467 at 0 ° C. or 1-0291 at 19° C. The oxychloride, C3H7.POCI2, 
results when the tetrachloride, C3H7.PCI4, is treated with sulphur 
dioxide ; it boils at 88 ° to 90° C. at 50 mm., and has a density of 1-3088 
at 20 ° C. 

iso-Propylphosphlnic acid, (CH 3 ) 2 CH.PO(OH) 2 .—This acid may 
be obtained by the two methods just described for the normal acid 
or by the oxidation of i.vopropylphosphinc in hydrochloric acid solution 
with nitric acid.^ It is a white, paraffin-like mass, M.pt. 71° C.,^ 
forming a silver salt, C 3 ll 7 .PO(OAg) 2 , a white, amorphous precipitate. 
The oxychloride, C 3 ll 7 .PbCl 2 , boils at 82° to 84° C. at 50 mm., and has 
a density of 1-3018 at 20° C. 

iso-jButylphosphinic acid, (CH 3 ) 2 .CH.CIl 2 .PO(OH) 2 , is prepared 
by similar methods to the preceding compounds. It crystallises in 
scales, M.pt. 124° C., and yields a silver salt as a white precipitate. 
The corresponding oxychloride, C 4 H 0 .POCI 2 , is a liquid, B.pt. 104° to 
108° (\ at 50 mm., density 1-2333 at 20 ° C. The phenyl hydrazide of 
the thio-acid, C 4 H 9 .PS(N 311203115 ) 2 , forms white leaflets, M.pt. 128° 0. 

iso-Amylphosphinic acid, 05Hn.PO(OH)3, can be prepared by 
the general methods, and also occurs when is‘oamylphos})hinous acid 
is heated at 60° to 135° C., i^oamylphosphine being formed as a by¬ 
product. It crystallises in plates, M.pt. 160° 0.,® 166° 0 .,^ sparingly 
soluble in cold water, readily soluble in hot water or alcohol. It gives 
an amorj)hous silver salt of normal constitution. An anhydride of the 
acid, CglljiBOg, may be prepared by boiling the oxychloride, Ogllii. 
pool 2 , with the acid in dry light petroleum ; the resulting produ(*t 
consists of small, hard crystals, M.pt. 122 ° 0., readily soluble in benzene. 
The oxychloride is a liquid, B.pt. 122 ° to 125° 0. at 55 mm., density 
1-1883 at 20 ° 0. The phenyl ester of woamylphosphinic acid is a heavy 
liquid, undeeomposed by water, and the phenyl hydrazide, OsHu. 
PO(N 2 n 203115 ) 2 , is a light, white powder, M.pt, 134° to 135° 0., readily 
soluble ill alcohol or ether. Isoamylthiophosphinic acid has not been 
isolated in the pure state, but its diethyl ester is known, 05 Hij.PS( 002 ll 5 ) 2 ‘ 
This is formed by the action of alcoholic sodium ethylate on the thio- 
chloride 05 Hii.PS 0 l 2 .^ It is a pale yellow liquid of peculiar odour, B.pt. 
250° to 255° C., density 0-9848 at 20° C. 

n-Heptylphosphinic acid, CH 3 .(CIl 2 ) 5 .CIl 2 .PO(OH) 2 .—This acid 
is formed by heating a-hydroxy-n-heptylphosphinic acid with 10 parts 
of fuming hydriodic acid at 200 ° C.® It melts at 106° C., and with a 
little water swells up into a gelatinous mass. It is soluble in alcohol, 
ether and petroleum ether. 

Hydroxyalkylphosphinic Acids, 

The following is a general method of preparation for hydroxyphos- 
phinic acids:’ Phosphorus trichloride (at least a 10 per cent, excess) 
is added to the carbonyl compound (aldehyde or ketone) below 35° C. ; 
sometimes cooling is necessary. The mixture is protected from moisture 

1 Hofmann, JBer., 1873, 6 , 303. 

* Guichard, loc. cit. 

^ Hofmann, loc. cit.; compare Auger, Compt. rend.y 1904, 139 , 639; Fossek, Monaish., 
1886, 7 , 20 . 

^ Guichard, loc. cit. 

* Guichard, loc. cit. 

* Fossek, loc. cit. 

’ Conant, MacDonald and Kinney, J. Amer. Chem. 80 c., 1921, 43 , 1928. 
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and allowed to stand for two to three hours. A slight excess of glacial 
acetic acid is then added, the temperature being maintained at 20° to 
30° C. After twelve hours the mixture is poured into 300 c.c. of ice- 
water and the whole vigorously shaken. The solution is then evaporated 
and the gum allowed to crystallise, which may take from one to fourteen 
days. The mass is then dried on a plate and finally in a vacuum 
desiccator over sodium hydroxide. In cases where no crystallisation 
takes place, the lead salt is prepared as follows : The gum is dissolved 
in about 200 c.c. of water, making strongly alkaline with ammonium 
hydroxide, and magnesium nitrate added. After standing overnight 
the precipitated magnesium ammonium phosphate is removed, the 
solution diluted to 500 c.c., made faintly acid with acetic acid and 
heating to boiling. A solution of lead acetate or nitrate is then added 
in excess and the whole boiled for five to ten minutes, then filtered. 
The lead salt is washed with boiling water and dried, the product thus 
obtained being free from phosphate and practically free from chloride. 

Hydroxymethylphosphinic acid, HO.CIl2.PO(OH)2.— This acid 
is said to result from the interaction of trioxymethylene and phosphorus 
trichloride.^ It crystallises in white, rectangular plates, very hygro¬ 
scopic and deliques(;ent, and it is a dibasic acid. The following salts are 
known : barium salt, pearly plates; silver salt, wliitc amorphous 
powder ; pyridinium^ salt, HO.CH 2 .PO(OH) 2 .C 5 H 5 N, glistening needles, 
M.pt. 105° C. ; calciimi, lead and zinc salts, white, amorphous powders ; 
copper salt, pale blue; ferric salt, })ale yellow ; calcium and barium 
hydrogen salts cannot be obtained in solid form. 

a-Hydroxyisopropylphosphinic acid, (CH3)2C(01I).P0(0H)2, 
may be isolated as follows : (1) By the general method already given, 
the yield being about 91 per cent.^ (2) It occurs in small quantities 
in the interaction of acetone and crystallised hypophosphorous acid, 
the main product of the reac'tion being hydroxyi\«?oj)ro))ylhypophos¬ 
phorous acid. (3) Hydroxyfvopropylhypophosphorous acid may be 
oxidised to the phosphinic acid in the following manner: ^ The lead salt 
is dissolved in water and the lead removed by ])assing in hydrogen 
sulphide and filtering off the lead sulphide. Dissolved hydrogen 
sulphide is driven off by heating the solution, and two molecular 
equivalents of mercuric chloride added. The excess of the latter is 
removed by hydrogen sulphide, the filtrate evaporated to dryness and 
the residue recrystallised from acetic acid. White, air-stable crystals 
result, melting with decomposition at 175° C.^ 

The acid dissolves in water and aqueous acetone, is less soluble in 
alcohol and ethyl acetate, sparingly soluble in anhydrous acetone, and 
insoluble in ether, chloroform, carbon disulphide and ligroin. It is 
monobasic towards methyl orange, dibasic towards phenolphthalein. 
The aqueous solution on prolonged boiling with dilute acid is decom¬ 
posed, but it is stable towards alkali. A number of salts is known : 
sodium salt, NaC3H804P.6H20, decomposed above 210° C. with evolu¬ 
tion of phosphine;® sodium salt, NaC3H804P.4H20, efflorescent, and 

^ Page, Trans. Ckem. Soc., 1912, loi, 423. 

* Conant, MacDonald and Kinney, loc. cit. 

* Marie, Compt. rend., 1901, 133 , 121; ibid., 1902, 134 , 847; Ann. Ohim. Phys., 1904, 
[ 8 ], 3 , 347, 371. 

^ Conant, MacDonald and Kinney give the melting-point as 167° to 169° C.; compare 
Fossek, Monatsh., 1886, 7 , 20. 

® Marie, Compt. rend., 1902, 134 , 994; Ann. Chim. Phys., 1904, [ 8 ], 3 , 376, 380. 
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unlike the preceding salt not precipitated from its aqueous solution by 
alcohol ; it loses its water of crystallisation at 100 ° C. and evolves 
phosphine above 220 ° C. ; coj)per salt, Cu(C 3 lIg 04 p) 2 . 2 C 2 H 50 H, pale 
blue plates, efflorescing in air and losing its alcohol at 100 ° C., the colour 
(•hanging to white ; copper salt, CuC 3 H 704 lM:l 20 , greenish-blue needles, 
beeoniing green and anhydrous at 150° C., insoluble in water: silver 
salt, Ag 2 C 3 H 704 P, a white, crystalline preei})itate, readily soluble in 
nitric acid ; lead salt, platens, soluble in about 3000 parts of hot or 1000 
parts of cold watei*, very soluble in dilute nitric acid. The dimethyl ester 
is prepared by treating the sih er salt of the acid with methyl iodide.^ 
It forms colourless crystals, M.pt. 76° C., losing acetone when distilled 
in vacuo. The diethyl ester melts at 14° to 15° V., and boils at 145° i\ 
at 20 mm. with slight decomposition ; it behaves in a similar manner 
to the dimethyl ester when heated m vacuo. The diphenyl ester may 
be obtained in the following mamuu': 10 grams of diphenoxychloro- 
phos})hine arc treated with 2-5 grams of acetone. Heat is evolved 
during the ])rocess and 6 c.c. of glacial acetic, acid are added and the 
whole allowed to stand for i welvc hours. The mixture is then })ourcd 
into water, the ester dissolved in ether, and the ether evaporated off. 
The resulting ])astv mass, after dry ing on a porous |)late, is rccrystallised 
from ])etroleiim ether, 4*5 grams of tlie compound, M.pt. 113° to 114° C., 
being isolated.^ The acetyl derivative of the diphenyl ester melts at 
72° to 72-5° C. 

a-Hydroxy-a-methylpropylphosphinic acid or ^-Hydroxy- 
isobutylphosphinic acid, ((Tl3)(P2H5)C(OH).PO(OII)2, is Ixtst ob¬ 
tained by the general method of preparation. It Jilso occurs along with 
hydroxybutylhypophosphorous acid when methyl ethyl ketone reacts 
with hy})ophosphorous acid or when hydroxybutylhypo}>hosphorous 
acid is oxidised by bromine.^ It crystallises from methyl alcohol or 
acetone in plates, M.pt. 158° to 159° C.,^ readily soluble in water, alcohol 
or hot acetic acid, sj*aringly soluble in chloroform or acetone, insolulile 
in ether. It yields a benzoyl derivative. The lend salt, ^ 2 ^ 5 - 
C(P 03 Pb) 0 H.GH 3 , is insoluble in water, moderately soluble in eon- 
centrated nitric acid. The diphenyl ester is obtained by the interaction 
of 3 grams of methyl ethyl ketone, 10 grams of diphenoxychlorophos- 
phijie and 3 e.e. of glacial acetic acid. The reaction is com})lcte in 
about two days at room tera])erature,^ about 5 grams of ester being 
obtained, M.pt. 128*5° G. 

a-Hydroxy-a-methylbutylphosphinic acid, (CH3)(C3ll7)C(OH). 
P 0 ( 0 H) 2 , is formed by the oxidation of the corres})onding hypophos- 
phorous acid with bromine.® It separates from acetone as a colourless, 
crystalline mass, M.pt. 139° to 140° C., soluble in the usual organic 
solvents with the exception of ether. 

a-Hydroxy-a-ethylbutylphosphinic acid, (C2H6)(C3H7)C(OH). 
P 0 ( 0 H) 2 , is isolated in the form of its lead, salt when ethyl propyl 
ketone is used in the general process for preparing hydnjxyphosphinic 
acids.’ 

^ Marie, Compl, rmd., 1902, 135 , 106; An7i. Chini. Phya., 1904, f 8 ], 3 , ,383. 

* Conant, Wallingford and Ganclhcker, J, Amer. Chem. 1923, 45 , 762. 

^ Marie, Compt, re^id., 1903, 136 , 234; Ann, Chim. Phys., 1904, [ 8 ], 3 , 391, 

* Compare Fossek, Monaish,, 1884, 5 , 627. 

® Conant, Wallingford and Gandheker, loc, cit, 

* Marie, Compt. rend., 1903, 136 , 509; Ann. Chini. Phys,, 1904, { 8 J, 3 , 395. 

’ Conant, MacDonald and Kinney, loc, cit. 
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a-Hydroxyisoamylphosphinic acid, {CH 3 ) 2 CH.CH,.CII(OH). 
P0(0H)2, may be prepared in three ways : (1) Phos])horus trichloride 
(1 gram-molecule) is earelully added to lour molecular equivalents of 
ivovalcraldchydc and the unstable oil which results is decomposed with 
twenty times its weight of water. Two layers arc o})tained, the upj)er 
one containing two-thirds of the aldehyde employed, the lower one 
containing a solution of the hydroxyphos|)hini(! aeid.^ (2) By heating 
iyevaleraidehyde with hy])()phosphorous acid and oxidising the reaction 
product with bromine.^ (3) By heating ivovaleraldchyde with phos¬ 

phorous acid. 

The acid (‘lystallises in hexagonal plat(.*s when its alcohol solution 
is slowly evaporated ; the crystals sinter at 183° to 184° C. and melt 
at 191° C. Dry distillation of the product yields i.vovalcraldehyde, 
phosphine and phosphoric acid. The acid is incompletely decom])oscd 
by nitric acid or aejua regia, and is not attaek(*d when boiled with 
aqueous alkalis. Potassium permanganate converts it into ii’cvaler- 
aldchyde and jihosphoric acid, and hydriodic acid rcdiurcs it to i^voamyl- 
phosphinic* acid. Phosphorus })cnta(diloride reacts to form a trichloride^ 
(CIl3)2Cn.CH2.CHCl.PO(4.>, a syrupy liquid, B.])t. 106° to 109° C. at 
12 mm. Water (*onverts this chloride into acAd, 

(CIl 3 ) 2 C!l.Cll 2 .CTlCl.PO(OH) 2 , a white ))reeipitate, insoluble in water. 
This chloro-aeid on solution in alc^ohol and subse(|ucnt evaporation 
yields a diethyl ester as a yellowish oil. The following salts of a-hydroxy- 
'i^eamyl})hosphinic acid are known : acid barium salt, (C 5 ri] 204 P) 2 Ba, 
stellate grou})s from water ; normal barium salt, C5Hii(34PBa.2H20, 
white crystalline powder, more soluble in cold than in hot water ; the 
calcium salts are similar to those of barium; silver salt, C 5 ll^ 04 PAg 2 , 
white caseous precipitate ; lead salt, C 5 lli 4 (.) 4 PPb, resembling silver salt. 

a - Hydroxy - n - heptylphosphinic acid, Cn 3 fCH 2 l 5 LH(OH). 
P 0 (()H) 2 , is the result of the interaction of phosphorus trichloride and 
auianthol.*'* It separates from water in monoclinic, crystals,^ sintering 
at 165° C. and melting at 185° C.*'* It is insoluble in hot. water and 
sparingly soluble in cold water. The calcium salt, L 7 Hj 504 PCa, is 
a white precipitate. Reduction by hydriodic acid converts the hydroxy- 
acid to 7i-heptylphos])hinic acid, 

a - Hydroxy - a - methyl - - dimethylpropylphosphinic acid, 

(CH 3 ) 3 C.CfPO(OH) 2 ]OIl.(Ti 3 , is only know'u in the form of its lead 
salt. The latter is very hygroscopic and is produ(?ed by the general 
method, pinacolin being the carbonyl compound employed.® 

a-Hydroxy-a-methyl-^-chloroethylphosphinic acid occurs in 
the form of its diphenyl ester, CH 2 n.C(UH 3 )(OH)PO(OC 3 li 5 ) 2 , when 
5 grams of chloroacctone, 14 grams of diphenoxy(*hlorophosphine and 
6*5 grams of benzoic acid are mixed and allowed to stand for twa) days. 
The ester separates in the form of wdiite, (*ubie crystals (1 gram), melting 
at 119° C. 

^ Fossek, Monaish,, 1884, 5 , 121, 627. Compare Page, Tram. Chem. 80 c., 1912, lOl, 
423. 

2 Marie, Compt, rend., 1903, 136 , 48; Ann. Chim. Phys., 1904, [ 8 ], 3 , 408. 

® Fossek, Monaish., 1886, 7 , 20. 

* Zepharovich, ibid., 1886, *], 28. 

® Conanfc, MacDonald and Kinney (he. cit.) give the melting-point as 165'' to 173“ C. 

* Conant, MacDonald and Kinney, loc. cit. 
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Compounds of the Type RgPO.OH. 

Our present knowledge of this class of acids is confined to the methyl 
and ethyl compounds, both of which may be isolated by dissolving 
the corresponding secondary phosphine in hydrochloric acid, adding 
fuming nitric acid and boiling the mixture. The silver salts are definite 
crystalline compounds, but free diethylphosphinic acid has not been 
obtained in the solid state. 

Dimethylphosphinic acid, (CH 3 ) 2 PO.OH.—A solution of di- 
methylphosphinc in hydrochloric acid is mixed with fuming nitric acid 
and heated to boiling.^ The solution is then evaporated several times 
with hydroc;hloric acid to remove the nitric acid, the hydrochloric acid 
removed by adding silver nitrate, and the filtrate from the silver 
chloride treated with hydrogen sulphide, then evaporated on the 
water-bath. C'olourless crystals separate, but these become pale 
brown in contact with the air. They are very soluble in water, alcohol 
or ether, melt at about 70° U., and at high temperatures are volatile 
without decomposition. The silver salt, (Cll 3 ) 2 PO(OAg), crystallises 
as fine white needles, having an extraordinary solubility in water, 
but only slightly soluble in alcohol or ether. A barium and a lead salt 
have been described, but not analysed. The acid is converted by one 
equivalent of phosphorus pentachloride into the acid chloride, 
((JlglgPOGl, which is a crystalline product, M.pt. 06° C., B.pt. 204° C., 
reconverted to the acid by water or alcohol.^ 

Diethylphosphinic acid, (C 2 H 5 ) 2 PO.OH.- This acid is prepared 
in a similar manner to the preceding dimethyl acid. It cannot be 
obtained in the solid state, being liquid even at -25° C. Its silver 
salt, ci'ystallises in fine, matted needles. 

Diethyldithiophosphinic acid,*’ (CgHglgPS.SH. - When 1 gram- 
molecule of diethylphosphine is mixed with 2 equivalents of sulphur 
in ether solution, the sulphur gradually dissolves and crystals separate 
(see below). The mother liquor from these crystals is boiled with a 
slight excess of ammonium hydroxide, when more crystals are formed 
and removed whilst the liquid is hot. The solution as it cools deposits 
triethylphosiDhine sulphide, which is removed and the cold solution 
then concentrated. Crystals of ammonium diethyldithiophosphinate 
separate, melting at 19t3° C., decomposing a little above this temperature, 
but subliming on rapid heating. The salt is readily soluble in water 
and alcohol, the aqueous solution giving amorphous precipitates with 
silver, copper and lead salts. With hydrochloric acid the ammonium 
salt is converted into the free acid, an oil readily dissolving in alcohol 
or ether, insoluble in and heavier than water. The acid is not volatile 
in steam and is a strong acid. The silver salt, (C 2 H 5 ) 2 PS.SAg, forms 
white needles, insoluble in cold alcohol and stable at 100° C. The 
benzyl derivative, (C 2 H 5 ) 2 PS.SC 7 H 7 , melts at 54° C., is insoluble in 
water, but dissolves in the usual organic solvents. 

Diethyldithiophosphinic acid persulphide, (C2H5)2PS.S.S.S. 
PS(C 2 H 5 ) 2 .—This compound is formed as a by-product in the prepara¬ 
tion of the preceding acid. It separates out in crystalline form, as 
mentioned already, at the commencement of the reaction. The formula 

* Hofmann, Ber., 1872, 5 , 104. 

* Hofmann, ibid., 1873, 6 , 307. 

^ Hofmann and Mahla, Ber., 1892, 25 , 2436. 
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assigned to the crystals is that of a persulphide, as shown. It separates 
from carbon disulphide in hard, white, hexagonal prisms, M.pt. 105° C. 
Freshly prepared ammonium sulphide converts it on warming into 
ammonium diethyldithiophosphinate, with liberation of free sulphur. 

By oxidation of the corresponding phosphines the following acids 
arc said to be derived, all of which are described as water-insoluble 
oils: 1 dipropylphosphinic acid, di-isohutylphosphinic acid, and di- 
isoamylphosphinic acid. 

Phosphorus Compounds Derived from Aldehydes 
AND Ketones. 

Diacetone chlorophosphine,^ 

(CU,),C -O (ClhUC . 

I I or I >POCT 

ClI3.CO.CH- PCI CH3.CO.CH/ 

To a mixture of 500 grams of phosphorus trichloride and 2 to 2*5 
volumes of acetone (free from methyl alcohol), 80 grams of anhydrous 
aluminium chloride are added. A brisk reaction occurs, hydrogen 
chloride is evolved and the mixture requires cooling. After the gas 
evolution has ceased, ligroin is added and the product filtered. The 
filtrate is heated on the water-bath, and after a time the solvent is 
removed and the residue fractionated in i>acuo. The main product 
distils at 154° C. at 100 mm., and on cooling crystallises. The crystals 
are colourless, strongly refractive, and melt at 35° to 36° C., B.pt, 
154° C. at 100 mm. or 235° C. at 745 mm., density 1*209 at 17*5° C. 
Water converts the compound into diacetone phosphinic acid, and alcohol 
yields the corresponding ester. The chlorophosphine is soluble without 
decomposition in ether and light petroleum, and is not completely 
decomposed by nitric acid. It combines directly with chlorine and 
bromine (2 atoms), and bromine water converts the whole of the phos¬ 
phorus to phosphoric acid. 

Diacetone phosphorus trichloride, 

(CH3)2C ~0—PCI 2 

I (?) 

CH3.c0.CHCl 

This product is formed when a ligroin solution of the foregoing chloro- 
phosphinc is treated wuth dry chlorine. It is soluble in light petroleum 
and ether, but less soluble than the chlorobromide (see below), and is 
more slowly attacked by water. It melts at 115° C. Silver nitrate 
precipitates two-thirds of the chlorine from aqueous solution, the 
remainder being removed only by continued boiling; the solution 
remaining contains phosphoric acid and mesityl oxide. 

Diacetone phosphorus chlorobromide, 

(CH 3 )aC—O—PClBr 

I (?) 

cH 3 .c 0 .cHBr 

The foregoing chlorophosphine in ligroin solution is treated dropwise 
with a solution of bromine in the same solvent. The precipitated 

* Hofmann, loc. cit. 

• Miohaelis, Ber., 1884, 17 , 1273; 1885, 18 , 898. 
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product is washed with ligroin, then with a little ether. It is a colour¬ 
less, crystalline mass, fuming slightly in contact with air, melting at 
142° C., sj)aringly soluble in ligroin, readily soluble in ether. It is 
slowly decomposed by water into hydrochloric and hydrobromic acids, 
mesityl oxide and phosphoric acid. 

Diacetone phosphinic acid or 2 -Methylpentanone-( 4 )-phos- 
phinic acid-( 3 ),i (CIl 3 ) 2 CH.CH(CO.C Il 3 ).PO(()H) 2 .-This acid is 
1‘ormed when diacetonc chlorophosphine is decomposed by water. It 
crystallises from water in line needles containing 1 molecule of solvent, 
M.])t. (53° to (34° C., 100° to 110° C. when anhydrous. It is very easily 
soluble in water or alcohol, soluble witli dillieulty in ether. The 
[)hosj)horus is removed by lu'ating with bromine water, and the oxida¬ 
tion product witli fuming nitric acid is described below. The potassium 
salt, C elliiOPO^HK, is a resinous mass, dissolving in water and alcohol. 
It results when an alcohol solution of potassium hydroxide is added to 
an alcohol solution of the acid ; if an excess of the acid be used, an acid 
potassium salt is formed, CQllnOPOaHK.t’gHiiOPO^Hg, consisting of 
needles, readily soluble in water, s]iaringly soluble in alcohol. The 
ammonium salt, C 6 lIu 0 P 03 H(NH 4 ), is soluble in water, but jiractically 
insoluble in alcohol; if alcoholic ammonia is used in the jireparation 
of the salt, a white, crystalline precipitate is produ(*ed, which corre¬ 
sponds to the formula, CeHiiOPOa(NH 4 ) 2 .CeHnOPO,H(Nll 4 ). 2 H 2 (). 
'i'hc silver salt, CgHuOPGaAgg, is a white precipitate, and the magnesium 
salt, CgHiiOPOaMg.CllgO, crystallises in plates, sparingly soluble in 
hot and cold water. The normal harium salt, CeHnOPOgHa.OHgO, 
crystallises in colourless leaflets, described as rhombic-hi pyramidal; 
it is s))aringly soluble in cold water, somewhat soluble in hot water. 
This latter salt is formed from barium hydroxid(‘, })ut if barium 
carbonate r(‘})laces the latter, the salt obtained has the constitution 
(C 6 Hj 204 P) 2 Ba. 2 H 20 ; this form separates in fine needles, very easily 
soluble in water, s})ari»igly soluble in alcohol. A htfdrate of constitution 
(^eHii 0 P 03 Ba. 4 - 5 H 20 is also known. The lead 'salt, 2 C 6 Hii 0 P 03 Pb. 
PbO, is a white powder. 

The [)resence of the carbonyl group in the phosphinic acid is shown 
by the fact that the acid forms an oxime ; moreover, only one oxime 
is ])roduce(l, and therefore only one carbonyl grouping exists in the 
molecule. The oxime, (CII3)2CH.C1I[C(CH3) : NOH]PO(OH) 2 , is pro¬ 
duced by boiling an aqueous solution of the acid with 1 molecular 
equivalent of hydroxylamine hydrochloride and 0*5 of an equivalent 
of sodium carbonate for six hours ; it separates from water in colourless 
crystals, M.pt. 169° to 170° C. with decomposition ; it is a strong dibasic 
acid, fairly soluble in water and alcohol, less soluble in ether. 

isoPropylphosphino-carboxylic acid or Propane-jS-carboxylic 
acid a-pbospbinic acid, HOOC.CH(CH 3 ).CH 2 PO(OH) 2 .® -This acid 
results when diacetone phosphinic acid is warmed with fuming nitric 
acid. The mixture is treated with barium hydroxide and the barium 
salt extracted from the precipitate by cold water. The harium salt, 
(C 4 lIg 05 P) 2 Ba 3 , is more soluble in cold than hot water, and crystallises 
in shining plates. The free acid forms a colourless mass, readily soluble 
in water, alcohol or ether. The silver salt, C 4 H 305 PAg 3 , is a white, 
crystalline precipitate, soluble in nitric acid or ammonium hydroxide. 

^ Michaelis, loc. cit. * Arzruni, Ber., 1885, i 8 , 904 ; see Groth, Ch. Kr., 3 , 452. 

^ Michaelis, loc. cU. 
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Condensation Products of Hypophosphorous Acid. 

a-Hydroxyisopropylhypophosphorous acid, (CH3)2C(OH). 
PHO.OH.—A solution of 250 grams of crystallised hypophosphorous 
a(^id in 400 e.e. of acetone is boiled for several days. The filtrate on 
cooling deposits /r/,y'a-hydroxyi.sY>propylhypophosphorous acid, which is 
removed. The acetone is removed from the mother li(juor, the residue 
diluted with water, neutralised with lead carbonate and the insoluble 
lead salt of the a-hydroxy/A‘ 0 ])ropylphosphinic acid filtered off. The 
filtrate is evaporated to dryness, the residue taken up in 95 per cent, 
alcohol containing a few c.c. of water, when on cooling crystalline crusts 
separate. Th(*se are dissolved in water and treated with hydrogen 
sulphide, the filtrate from this reaction being evaporated in the absence 
of air.^ The acid is j)urilied by treating it in the molten state with dry 
ether, until no further rise in the melting-point is noted.^ 

The acid is extremely hygroscopic and melts at 52^ C. It is soluble 
in alcohols, acetone and ethyl acetate, but insoluble in benzene, ether 
and petroleum ether. It is monobasic and decomposes carbonates. 
Heating at 110° to 120° C. or })rolonged boiling of its aqueous solution 
in the presence of concentrated acid decomposes it into acetone and 
hypophospliorous acid. It is readily oxidised to a-hydroxy/6*epropyl- 
pliosphinic! acid, and j)rolonged boiling with acetone gives his-a-hydroxy- 
/^opropylphos})hinous acid. Aldehydes coudense to form hydroxyalkyl- 
a-hydroxy 2 ',s‘opro})ylhypophosphorous acids.^ The following salts of the 
acid have been obtained: copper salU (C3ng03P)2f'D-H20, a pale blue 
mass, stable at ordinary temperatures, decom])osed when heated in a 
carbon dioxide atmosphere at 100° C. or when its concentrated aqueous 
solution is heated above 60° The decomposition takes place accord¬ 
ing to the equation 

I (C Il 3 ) 2 C(OH).PHO.O] 2 ( u.HgO -(CH 3 )oC(OH)PHO.OH 

+ (CH3)2C(0H).P0(01I)2 + Cu 

The siher salt, C 3 H 303 PAg, forms colourless crystals, decomposing 
with explosion at 90° C., and yielding a very unstable aqueous solution 
which decomposes in a similar manner to the copper salt. The lead 
salt, (C 3 H 803 P) 2 Pb, separates as a starry mass of crystals, very soluble 
in water or aqueous alcohol, insoluble in absolute alcohol. The cobalt 
salt, (C3ll803P)2Co.4ll20, forms rose-cojoured, bushy crystals, becoming 
blue and anhydrous at 100° C., and the nickel salt, (C3H803P)2Ni.4H20, 
separates as a pale green precipitate, losing its water at 100° C., 
changing to yellow; it is not decomposed below 200° C. The jnethyl 
ester of the acid is obtained by treating the silver salt with methyl iodide. 
It is a fairly mobile liquid, completely decomposed when distilled in 
vacuo. Its density at 16-5° C. is 1-212 and the refractive index at 16° C. 
is 1‘462. The physical constants for the ethyl ester are as follows : 
density 1-122 at 22-5° C., njy 1*452 at 18-5° C. The condensation 
product with acetaldehyde, namely, hydroxyethyl-hydroxyisopropylhypo' 
phosphorous acid, [(CH3)2C(OH)][CH3.CH(OH)]PO.OH, crystallises 

' Marie, Compt. rend., 1901, 133 , 220; Ann. Chim. Phys., 1904, [ 8 ], 3 , 247, 363. 

* Marie, Compt. rend., 1902, 134 , 286. 

® Marie, Compt. rend., 1904, 138 , 1708; Ann. Chim. Phys., 1904, [ 8 ], 3 , 419. 

* Marie, Compt. rend., 1902, 134 , 287; Ann. Chim. Phys., 1904, [ 8 ], 3 , 366. 
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from acetone and melts at 182° C. ; it is soluble in aJeohols, insoluble 
in ether, chloroform or benzene.^ 

Bis-a-hydroxyisopropylhypophosphorous acid, (CIl3)2('(011). 
P()(OH).C(OH)(CIi 3 ) 2 , is prepared by boiling a solution of 250 grams of 
hypophosphorous a(*id in 400 grams of acetone for many days.^ The 
product separates on cooling, and rccrystallisation from boiling alcohol 
yields crystals, M.pt. 185° (\, soluble in water, alcohol, acetone and 
chloroform, insoluble in ether or carbon disulphide. It is a strong 
monobasic acid, and readily decomposes carbonates. It readily yields 
acetone when heated at 150° C., or when boiled with acid or alkali.* 
When heated with mercuric chloride, the acid is slowly oxidised to 
a-h 3 Tlroxyw*opropyl])hosphinic acid. The following salts are known : 
sodium salt, C 6 lIi 404 PNa. 8 n 20 , colourless, efflorescent crystals, soluble 
in alcohol, and losing water of crystallisation at 100° C. ; silver salt, 
p 6 Hi 404 PAg, colourless needles, very susceptible to light, sparingly 
soluble in alcohol ; lanthanum salt, (C 6 ni 404 P) 3 La, a crystalline sub¬ 
stance, sparingly soluble in hot or cold water ; lead salt, (C 6 Hi 404 P) 2 pb. 
211 gO, eflloreseent crystals, losing water at 100° C. At 22° C. 100 grams 
of water dissolve 27*6 grams of the lead salt, which is insoluble in 
alcohol. The methyl ester, obtained in the usual way from the silver 
salt and methyl iodide, melts at 92° C. ; it is n^adily soluble in the usual 
solvents, and divStillatioii m vacuo causes decomposition, with formation 
of the methyl ester of h^’^droxyivopropylhypophosphorous acid, acetone, 
the methyl ester of phosphorous acid and phosphine. The ethyl ester 
melts at 95° C. The diacetate is prepared by warming the acid with 
a(;etic anhydride ; it separates from alcohol in crystals, M.pt. 171° C. 

a-Hydroxyisobutylhypophosphorous acid, (CH 3 )(C 2 H 5 )C(OH). 
PHO.OII, is prepardd by the prolonged boiling of hypophosphorous 
acid with an excess of methyl ethyl ketone, the hydroxybutylphos- 
phinic acid occurring as a by-product.^ It is isolated by means of its 
lead salt, and is obtained as a colourless hygroscopic; syrup, which does 
not solidify at - 20° C. It dissolves in alcohol or acetone, and is oxidised 
by bromine to hydrcjxybut^dphosphinic acid. The fcdlowing salts arc 
known : copper salt, (C 4 Hiq 03 P) 2 Cu. 4 H 20 > t)lue crystals, soluble in 
water and alcohol, decomposing above 70° C. ; silver salt, C^HjoGyPAg, 
decomposing with explosion above 100° C. ; lead salt, (C 4 Hio 03 P) 2 Pb, 
a crystalline mass, sintering at 95° C., readily soluble in water. 

a-Hydroxymethylbutylhypophosphorous acid, (CH 3 )(C 8 H 7 ) 
C(OH).PHO.OH, occurs when hypophosphorous acid is heated for 
some days with an excess of methyl propjd ketone.® It is a colour¬ 
less syrup, yielding a crystalline lead salt, (C 5 Hi 203 P) 2 Pb, soluble in 
alcohol. Bromine readily oxidises the acid to the corresponding 
phosphinic acid. 

a-Hydroxyisoamylhypophosphorous acid, (CH 3 ) 2 CH.CH 2 . 
CH(OH).PHO.OH.—20 grams of t^ovaleraldehyde are heated with 
61*3 grams of hypophosphorous acid in 166 c.c. of water in a carbon 
dioxide stream at 85° to 90° C. for two days. The solution is then 
saturated with barium hydroxide, treated with carbon dioxide and 

^ Marie, Compt. rend., 1904, 138 , 1709; Ann. Ghim. Phys., 1904, [ 8 ], 3 , 425. 

® Miirie, Compt. rend., 1901, 133 , 219; Ann, Ghim. Phya., 1904, [ 8 J, 3 , 347, 349. 

® Marie, Gompt. rend., 1901, 133 , 818; Ann. Ghim. Phys., 1904, [ 8 J, 3 , 350. 

® Marie, Compt. rend,, 1903, 136 , 234; Ann. Ghim. Phys., 1904, [ 8 ], 3 , 389. 

* Marie, Ann, Ghim. Phys., p. 509. 
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filtered. The filtrate is evaporated to dryness on the water-bath, and 
the residue, which contains the barium salt of the acid, is extracted with 
methyl alcohol and the free acid liberated by sulphuric acid.^ It is 
a thick syrup, decomposing above 170° C., phosphine and ?,vcvaler- 
aldehyde being amongst the resulting products. The acid reduces 
silver nitrate and gives a barium salt, Ba(C! 5 Hi 203 P) 2 . 4 H 20 , crystallising 
i n needles. 

Bis-a-hydroxyisoamylhypophosphorous acid, [(Cll3)2CH.CH2. 
CTI(OH)| 2 PO.OH.—This acid occurs as a by-product in the preceding 
preparation, but may be better prepared by heating 20 grams of iso- 
valeraldehyde with 7-7 grams of hypophosphorous acid in 21 c.c. of 
water. It crystallises in needles which commemre to decompose at 
160° C. and melt at 230° C. It dissolves easily in alcohol, is sparingly 
soluble in water, insoluble in ether, (‘hloroform and benzene. It 
dissolves in dilute hydrochloric acid, but with dilute sulphuric acid at 
135° C. it yields the aldehyde and hypophosphorous acid. Boiling 
with potassium hydroxide does not cause decomposition. The potas¬ 
sium salt, (\()Il 2204 PK. 3 H 20 , separates from alc*oliol in plates ; the 
barium^ salt, (CjoIl 22 ^ 4 l^) 2 l^^*H 20 , forms needles or crusts, very 
soluble in water, sparingly soluble in alcohol. Ac*etyl cliloride reacts 
with the acid forming the diacetate, a syrup, very soluble in al(!ohol, 
ether, carbon disulphide and chloroform, insoluble in water. 

a - Hydroxy - n - heptylhypophosphorous acid, CHjjfCHglg 
CH(OH).PHO.C)H.—A mixture containing 20 grams of cenanthol, 
46-5 grams of hypophosphorous acid, 126 c.c. of water and 40 c.c. ol 
90 j)er cent, alcohol is heated at 85° to 90° C. in a stream of (tarbon 
dioxide for two days. The alcohol is then rennoved by warming 
the mixture and treating it with carbon dioxide. Water is added 
(15 to 20 parts), followed by lead acetate, and the precipitate deconi- 
})osed by hydrogen sulphide. The aqueous solution is then extracted 
with ether, the ether solution yielding plates, M.pt. 55° to 57° C., very 
soluble in water, alcohol or ether, sparingly soluble in chloroform. 
The acid decomposes above 120 ° C., giving phosphine and (cnanthol 
amongst other products. It reduces ammoniacal silver solutions, but 
is not affected by boiling with potassium hydroxide. The barium 
salt, (C 7 Hig 03 P) 2 Ba, gives microscopic needles, very sparingly soluble 
in water, insoluble in alcohol. The acetyl derivative is a viscous licpiid. 

Bis - a - hydroxy - n - heptylhypophosphorous acid, CH3|CH2]6 
CH(OH).PO(OH).CH(OH)[CH 2 j 5 CIl 3 , occurs when 30 grams of cenanthol 
are heated with 9 grams of hypophosphorous acid in 25 c.c. of 
water and 30 c.c. of alcohol at 95° C. in a stream of carbon dioxide 
for two days. An equal volume of water is then added and the alcohol 
removed by carbon dioxide at 100 ° C. The product is precipitated by 
adding 10 to 15 parts of water, washed with water and purified by 
repeated solution in dilute potassium hydroxide and precipitation with 
hydrochloric acid.^ The acid separates from alcohol in plates, in¬ 
soluble in ether, chloroform and carbon disulphide, very sparingly 
soluble in water, easily soluble in boiling alcohol. It decomposes 
towards 160° C., phosphine and cenanthol being identified amongst 
the products, and decomposition by dilute sulphuric acid at 135° C. 
gives cenanthol and hypophosphorous acid. The potassium salt, 
C 14 H 30 O 4 PK. 4 H 2 O, separates from alcohol in plates, the barium salt, 

1 ViUe, Ann. Chim. Phya., 1891, [7], 23 , 330. * Ville. ibid., p. 312. 
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(Ci 4 ll 3 o 04 P) 2 Ba. 3 H 20 , forms needles, and the lead salt, (Ci 4 H 3 o 04 P) 2 Pb. 
SHgO, granular crystals, very sparingly soluble in water and alcohol. 
The diacetate separates from alcohol in microscopic needles, M.pt. 
94° C., insoluble in water, readily soluble in alcohol, ether, (*arbon 
disulphide and chloroform. 

a-Hydroxyisopropyl - a - hydroxy - n - heptylhypophosphorous 
acid, (CH 3 ) 2 C(OIl).PO(OH).CII(OH)[(ll 2 j 5 Cll 3 , is obtained by the 
interaetiou of a'lianthol and a-hydroxyivo})ropylhypophosphorous acid, 
p. 41.^ It crystallises in plates, M.pt. 131° C., insoluble in cold water 
and ether, soluble in alcohol or attetone. 

a-Hydroxy-sec.-butyl-a-hydroxy-n-heptylhypophosphorous 
acid, (( H 3 )(C 2 H 5 )C (OH).P().OH.CH(OH)fC II 2 I 5 CTI 3 , is the condensa¬ 
tion })roduct of cenanthol and a-hydroxy-.s*dY*.-butylhypo])hosphorous 
acid. It melts at 117° C., and has a similar solubility to the preceding 
compound. 

Alkyl BktatnEvS containing Phosphorus. 

Trimethylphosphobetaine,^ 

XH.,.(’OOH 

(CH,),?/ 

X) 1 I 

When equimolecular proportions of triinethylphosphine and mono- 
chloracetie acid are heated together in a sealed tube for live to six hours 
at 100 ° C., the main product of the reaction is a betaine, a small quantity 
of the hydrochloride of triinethylphosphine also resulting. The betaine 
is thus isolated in the form of its chloride, solution in water and addition 
of platinum chloride precipitating an orange-yellow plat in ichlo ride, 
[((’Il 3 ) 3 p(Cl)(CTl 2 .COOII)joPtCl 4 . This salt is soluble in boiling water 
and separates in rhombic crystals on cooling. It is decomjiosed by 
hydrogen sulphide, giving the chloride, which is isolated as a deliquescent 
mass when the solution is concentrated. The chloride also forms an 
aurichloride, soluble in water and crystallising in long, yellow needles. 
The base is prepared by treating the chloride with sulphuric acid, 
removing the sulphate ion by means of baTium hydroxide, and excess of 
the latter by passing carbon dioxide through the solution. The resulting 
product does not react with litmus, but yields salts with hydrochloric, 
nitric and hydriodic acids. The iodide separates Itoui water in shining 
plates. 

Triethylphosphobetaine hydrochloride,® 

x:h,.cooh /CH 2 .C 00 H 

(C2Hd3l< (CaH,)3P<: —> (CdisM-X >0 

N^t \OH ^ 0 ^ 

I II III 

This chloride, I, is prepared by slowly adding triethylphosphine to 
monochloracetic acid and shaking the mixture. Owing to the rise of 
temperature it is necessary to cool the reaction mixture, a dense oily 
layer separating out. After about an hour the oil solidifies and is 
purified by solution in alcohol and precipitation with ether. The 

* Marie, Comj)t. rend., HK)4, 138 , 1708; Ann. Ghim, Phys., 1904, [ 8 ], 3 , 420. 

a Meyer, Ber., 1871, 4 , 734. 

• Hofmann, Jahresber., 1862, p. 334; Letts, Proc.Roy. 8 oc.Edin., 1881, II, 40; Trans. 
Roy. 80 c. Edin., 1881, 30 , 285. 
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chloride has a sour taste, an acid reaction, and is not perceptibly 
deliquescent. The platinichloride forms orange crystals which contain 
a molecule of water of crystallisation. The chloride is decomposed by 
heat into rnethyltriethylchlorophosphine and carbon dioxide ; 

(C,H,) 3 P(C 1 )(CH 2 .C 00 H) = + CO, 

Potassium hydroxide decomposes the chloride according to the equation 

(t 2H5)3P(Cl)(CIl2.COOH) + 2KOH = (C2H5)3PO + KCl + C II^.COOK + ITgO 

Silver oxide transfonris an aqueous solution of the hydrochloride to 
triethylj^hosphohetaine (II). Concentration of the solution then yields 
very deliquescent crystals, which lose water after keeping for several 
months in vacuo over sulphuric acid, giving the anhydride (III). When 
an aqueous solution of the free base is concentrated by boiling, a solid 
mass remains which has a faint acid reaction and effervesces witli acids ; 
it appears to be tricthylmethyl))hosphonium acid carbonate, a (‘ornpound 
isomeric with the base itself : 

(( 2H5)3l’(OH)( H2.( OOH =. (C2ll5)3P(CH3)0.('OOH 

Potassium hydroxide decomposes the base in a similar manner to its 
aedion on the fon^going hydrotdiloride. 

Triethylphosphobetaine hydrobromide, (C2H5)3P(Br)Cll2. 
(!OOH, is best prepared by adding hydrobromie acid to a solution of 
the hydroxide. It forms thin quadratic plates, sojnewhat deliquescent, 
but otherwise resembling the hydrochloride. It should be noted that 
the hydrobromide is not prepared by treating trit^thylphosphine with 
bromacetic acid. In the latter ease the products of reaction appear 
to be dependent iqion the temperature. At low temperatures about 
equal proportions of triethyl})hosphobetaine hydrobromide and tri(*thyl- 
phosphiiie acetobromide or a mixture of the latter with triethylphosphinc 
bromaeetate is obtained. At intermediate temperatures very little 
hydrobromidc is formed and the product consists of acetobromide and 
bromaeetate, whilst at higher temperatures the acetobromide is almost 
the sole product. 

Triethylphosphobetaine hydriodide, (C 2 H 5 ) 3 P(I)Cil 2 .COOn, is 
prepared in a similar manner to the hydrobroniide and yields small 
granular crystals. 

Triethylphosphobetaine sulphate, [(C2n5)3P.CIl2.C00n]2S04, 
occurs when the hydrochloride is treated with silver sulphate and the 
resulting solution evaporated in a vacuum. A solid crystalline mass 
is obtained, which decomposes in a similar manner to the hydro(*hloride 
when heated. 

Triethylphosphobetaine hydrochloride ethyl ester, 

XH2.COOC2II5 

(C2H3)3P< 

\C1 

is isolated by the interaction of ethyl monochloracetatc and triethyl- 
phosphine. A colourless syrup is formed, which rapidly solidifies, but 
cannot be recrystallised owing to its deliquescent nature. The platini¬ 
chloride crystallises in light orange plates. Moist silver oxide reacts 
according to the following equations :—^ 

^ Compare Hofmann, Proc. Roy. Soc., 1860, ii, 550. 
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(CjH5)aP(Cl)CHj.COOC,H5 + AgOH =C,H,OH+AgCl + (CjH,)al*</ ‘^0 

(CaHa)3P(Cl)CHa.C00CjHj + AgOH =AgCl + (CjH,)aPO +CHaCOOCjH. 

The hydrochloride is decomposed by potassium hydroxide as follows : 

(C2H5)3P(C1)( H2.COOC2H5 + KOH = KC 1 + (C2H5)3P0 +CH3COOC2H5 

Heat causes decomposition to take place with evolution of ethylene and 
carbon dioxide : 


(C 3 H 3 ) 3 P(C 1)CH3.C00C2H5 ^ (C 3 H 3 ) 3 (rH 3 )PCl + CO 3 + i\Il, 

A hydrobrornide and a hydriodide corresponding to the foregoing hydro¬ 
chloride have also been isolated. 



CHAPTER II. 


AROMATIC PHOSPHINES AND PHOSPHONIUM 
COMPOUNDS. 

Compounds of the Types RPHg and RgPH. 

The j)riniary aryl phosphines arc obtained by reducing the corre- 
s]Donding acids. They are all liquids with the exception of the mesityl-, 
diphenylmethanc- and dibenzyl-coinpounds, which are low-rnclting 
solids. In air they rapidly undergo oxidation, yielding oxides and 
finally acids. When solutions of the phos]>hines in hydrochloric acid 
an* treated with platinic chloride, crystalline platinichlorides result, 
(RPH2.HCl)2PtCi4 or (RPHo)2.H2PtCi6. Solution in hydriodic acid 
converts the phosphines into their hydriodides, RPHg.HI, yellow 
crystalline compounds. Only two derivatives of the type RgPH arc 
known, namely, diphenyl- and dibcnzyl-phosphincs. The former is the 
redu(*tion ])roduct of diphcnylchlorophos])hinc and the latter is a by- 
j)roduct in the })re})arati()n of benzylphosphine. 

Phenylphosphine, 



This substance is best prepared as follows : ^ Phosphorus-free phenyldi- 
chlorophosphine is shaken with an excess of alcohol and the solution 
filtered. The solvent is then distilled off in an atmosphere of carbon 
dioxide, the receiver changed and distillation in the inert gas continued, 
when phenylphosphine is obtainc?d together with small amounts of 
benzene and di})henyl. The yield is about 60 per cent. The phosphine 
also results ^ from the following proc^ess : Dry hydrogen iodide is passed 
into phenyldichloroj)hosphine, the following reaction occurring : 

C6H5.PCI2 + 3 HI = CeH5.PI2.lII + 2 HC 1 

The double compound distils above 360 ° C., but when cooled and treated 
dropwise with alcohol, a yellow liquid results, which yields phenyl¬ 
phosphine when fractionated in an atmosphere of hydrogen. 

Phenylphosphine is a colourless, strongly refractive liquid, B.pt. 
160 ° to 161 ° C., density 1*001 at 15 ° C. It possesses a vile odour. It 
readily oxidises in the air, yielding phenylphosphenoxide, but in contact 
with oxygen it inflames unless cooled. In water or concentrated acids 
it is only sparingly soluble, but explosion takes place on warming it 
with concentrated nitric acid. Dry hydrogen iodide yields phenylphos- 
phonium iodide, and sulphur combines to form a sulphide, Cellg.PHgS. 
Phenylphosphine in concentrated hydrochloric acid yields a platini- 
chloride on addition of platinic chloride, (C(,H5.PH2.HCl)2PtCl4, a 

^ Kohler and Michaelis, 5er., 1877, lo, 807. 

* Michaelis, Ber., 1874, 7 , 6 . 
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yellow erystalline substance, insoluble in water. The phosphine and 
carbon disulphide combine when heated together in a sealed tube at 
150° C., forming the product (C 0 H 5 .PHUS) 2 S and hydrogen sulphide; ^ 
this sulpho-(*omponnd is readily soluble in carbon disulphide, sparingly 
soluble in alcohol and insoluble in water. Prolonged boiling with 
alcohol does not cause* decomposition, but on heating the substance 
alone, hydrogen sulphide is evolved and a dark re^sin remains. The 
compound dissolves in alkalis, from which it is preci})itated unchanged 
by acids. With chlorine* it reacits aecoreling to the following equation : 

(C ellg.PHC 8)28 + 6CI2 - + C eHs.PSda f- 2C SC Ig f 2HC 1 

p-Chlorophenylphosphine ,2 

01-<^ \-PH 2 

is obtaiiK*d by dry distillation of the e*orre‘sponding phosphinic aciel, 
ClCeH 4 .PO(OH) 2 , in a current of dry e*arbon dioxide. It forms a white 
crystalline mass, M.pt. 17° C., H.pt. 198° te) 200 ° C., which oxidises in 
air and is converted by potassium hydroxide to the phos})hinous acid 
salt : 

ClCeH4.PH2 + KOI! + H2O - CK\U^,l? 0 .,llK 4 2H2 

An emulsion of the phosphine in hydre^ehloric acid when treated wit h 
platijiic chloride yiedds a platmichloride, (ClUgH 4 .PIl 2 .IICl) 2 PtCl 4 , a 
yellow eTystalline powder, stable in air, and unmelted at 270° U. 

p - Bromophenylphosphine, 



is a colourless, crystalline product, M.pt. 40° C., P.pt. 195° to 190° C. 
It possesses an intolerable odour, and rapidly oxidises in the air to the 
corresponding acid,^ 

p-Tolylphosphine/ 

This phosphine is prepared in a similar manner to the plumyl compound 
and possesses similar properties to the latter. It melts at 4 ° C. and boils 
at 178° C. Its hijdriodide, C 7 H 7 .PH 2 .HI, is a yellow powder erystab 
lising from fuming hydriodie acid in glistening needles w^hieh may be 
sublimed. The product is deliquescent and decomposed by water. 
The phosphine forms a yellow platmichloride, (C 7 H 7 .Pli 2 .HCI) 2 PtCl 4 . 
p-Ethylphenylphosphine,® 



is obtained by the reduction of the corresponding phosphinic acid by 
alcohol. It is a transparent, highly refractive liquid, B.pt. 200° c!, 
possessing an intense objectionable odour and oxidised to the phos- 
phinous acid on warming in air. The platinichloride, (C 2 H 5 .CeH 4 . 

^ Michaelis and Ditiler, Ber., 1879, 12 , .338. 

* Michaelis, Annalen, 1896, 293 , 234. 

* Michaelis, loc. cit., p. 245. 

* Michaelis and Paneck, Annalen, 1882, 212 , 233. 

® Michaelis, loc, cit. 
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PH2.HCJ)2ptCl4, is a golden-yellow powder, insoluble in water, and the 
methiadide, C2H5.C6H4.PH2.CH3I, melts at 118 ° C. 

Benzylphosphine, ^ _ 

^ CH,.PHs 

Benzyl chloride (2 molecular equivalents), phosphonium iodide (2 equi¬ 
valents) and zinc oxide (1 equivalent) are heated together at 160 ° C., 
and the reaction mixture then distilled in steam, an oil heavier than 
water distilling over. After drying the crude })roduct over potassium 
hydroxide, the oil is fractionated in hydrogen, the phosphine distilling 
at 180 ° to 190 ° C., further distillation giving a product of B.pt. 180 ° C. 
The residue left after the distillation contains dibenzylphosphine. 

2CeH5.CH2Cl 1 2PH4I + ZnO -2C6H5.CII2.PH2.HI + ZnCl2 +1120 

Pseudocumylphosphine,^ 

CH3 

CH, 

To obtain this, the corresponding diehlorophosphine is dccomj)os(*d by 
water, tlu‘ resulting acid treated with alcohol and the ])roduct distilled 
in a stream of carl)on dioxide. It is a transparent liquid, B.pt. 211° to 
218 ° C., rapidly oxidised in air. It is sparingly soluble in liydrochloric 
acid, the solution giving a yellow platinichloride, (C9Hii.PH2)2*H2PtCl6, 
on treatment with platinic chloride. 

Mesitylphosphine, 

CH, 

^ PH, 

OH, 

is obtained by the dry distillation of tlie corresponding phosphinous 
acid in a carbon dioxide atmos])herc at 25 mm. y)rcssurc. It forms 
stout, colourless needles, M.pt. 40 ° C., B.pt. 125 ° C. at 25 mm., having 
a penetrating, unpleasant odour, and rapidly oxidising in «‘iir. Its 
platinich loride, (C gll j. PH 2) 2- H 2 PtCl g, sey)arates from coneentrated 
hydrochloric acid solution in shining orange crystals. 
Diphenylmethanephosphine, 



is a solid, M.pt. 46 ° C., B.pt. 184 ° C. at 20 mm., y)rey)ared in the usual 
manner. Its odour is less pungent than is the case with the foregoing 
compounds. It seymrates in the form of the hyckiodide from hydriodic 
acid solution, this consisting of fine needles, M.yDt. 134 ° C., decomymsed 
by water. 

Dibenzylphosphine, 

melts at 75 ° C. and boHs at 190 ° C. at 45 mm. It forms a crystalline 
methiodide. 

^ Hofmann, Her,, 1872, 5 , 1(X). * Michaelis, Annalen, 1897, 294 , 32. 

VOL. XT. : III, 4 
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Diphenylphosphine,^ 



may be isolated in two ways : (1) By treating diphenylchlorophospliine 
with an excess of sodium carbonate in an atmosphere of hydrogen : 


4(CeH5)2PCl +3Na2C03 +H 2 O -2(CeH6)2PH + 2(CeH5)2P02Na + 8C0 

. 4 XT.. 


4. 


(2) By heating diphenylchlorophosphinc with zinc in a scaled tube at 
230 ® C., then decomposing the resulting mixture with water. It is a 
colourless, viscous, pungent liquid, B.pt. 280 ® C., density 1*07 at 16 ® C., 
exposure to air or heating it with nitric acid causing it to oxidise. It 
acts as a weak base, its salts being decomposed by water. It combines 
with methyl iodide, acetyl chloride, hydrogen iodide and dry hydrogen 
chloride ; the compound formed in the latter case is not stable in air, 
but it yields a platinicMoride, f(CgH5)2PH]2.H2PtCl3, which is a yellow 
powder. On reaction with diphenylchlorophosphinc the phosphine 
gives tetraphenyldiphosphine, (C6H5)2P = P(CeHg)2. 

Dibenzylphosphine,^ 



is obtained as a by-product in the pre})aration of benzylphosphine 
(p. 49 ). It crystallises in white, starry or bushy needles, M.pt. 205 ® C., 
which are odourless, tasteless, and readily soluble in boiling alcohol, 
but insoluble in water or acids. It does not exhibit the power shown 
by the secondary amines of combining with acids. 


Compounds of the Type RgP. 

Five types of tertiary aromatic phosphines are described in the 
following ])ages: ArgP, ArArg'P, AlkArgP, AlkgArP, AlkArAr'P. 
As in the case of the corresponding arsenical compounds the principal 
methods of preparing the type ArgP are by application of the Fittig 
and Grignard reactions. 


Type ArgP. 

(1) 3 RX + PX3 + 6Na = RgP + 6NaX 

(2) 2RX + RPX2 + 4Na-R3P + 4NaX 

( 3 ) SMgRX + PX3 = R3P + SMgXa 

Equation (2) is really a variation of (1), the phosphorus trihalide being 
replaced by an aryldi<;;hlorophosphine. 

The method of preparation of mixed tertiary phosphines is indicated 
by the following equations : 

Type ArArg'P. 

(1) RPX2+2R'X + 4Na=RR2T + 4NaX 

(2) RPXg +2R'X +2Zn -RRa'P.ZnXg ^ZnXg 

Equation (2) is only applicable to phenyldibenzylphosphine. 

1 Michaelis and Gleiohmann, Rer., 1882, 15 , 801; Borken, Rer., 1888, 21 , 1506. 

^ Hofmann, Rcr., 1872, 5 , 100, 
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Type AlkArgP. 

(1) ‘iArgPX + ZnAlkg 2Ar2AlkP + ZnXg 

(2) (C2H5)2(C6H5.CH2)2PC1^(C2H5)(C«H,.CH2)2P.1ICI 
Equation (2) shoves a special case in which the decomposition is brought 
about by heat. A similar case is given in equation (2) below. 

Tyjye AlkgArP. 

(1) ArPXg 4- ZnAlk2 - AlkgArP h- ZnX2 

(2) (C2Hj3(CeH,.CH2)PCl = (C2H5)2(C«H5.€H2)P.HCI 

(S) ArPXa + 2AlkMgX = AlkgArP + 2MgX2 

Type AlkArAr'P. 

(1) AlkMgX + ArArTX-AlkArArT +MgX2 

(2) 2ArAr'PX 4-ZnAlk2-2AlkArAr'P +ZnX2 

All the compounds of the types ArgP and ArAi’g'P may be isolated 
in the solid state. Some of them yield mercurichlorides and platini- 
chlorides, but in no cases are conipounds formed with carbon disulphide, 
a fact which distinguishes aliphatic and aromatic tertiary phosphines. 
In contra-distinction to the corresponding arsenical compounds they 
do not yield stal)le dihalidcs of the type ll-jPXg. The halogen j)robably 
forms a weak linkage with the phosphorus, siiK^c the greenish syrup 
obtained b}^ chlorinating triphenylphosphine yields a dihydroxide, 
(CgTl5)3P(OIl)a, on treatment with sodium liydroxidc, whilst heating 
alone (*auses it to decompose into chlorobenzene and diphenylchloro- 
phosphine. The compounds do not combine with alkyl iodides so 
readily as the tertiary aromatic arsines, and phcnyldibenzylphosphine 
does not combine at all with alkyl iodides or benzyl chloride. The 
products containing both aliphatic and aromatic radicals show some 
properties reminiscent of the purely aliphatic phosphines. The com¬ 
pounds AlkAraP are all oils of pungent odour which undergo oxidation 
to the corresponding oxides. Increase in the aliphatic radicals, as in 
type AlkgArP, again introduces the properties of combination with 
carbon disulphide, ready addition of alkyl iodides, and the formation of 
platinichlorides and mercurichlorides. The compounds AlkgArP are all 
liquids, likewise those of the type AlkArAr'P, many of them having 
intolerable odours. 


Compounds of the 2'ype Ar3P, 
Triphenylphosphine, 



may be obtained in several ways ; (1) Chlorobenzene, 200 grams, or 
the corresponding amount of bromobenzene, is treated with 90 grams 
of phosphorus trichloride in 5 parts of dry ether, 50 grams of finely 
sliced sodium are added and the whole heated under reflux on the water- 
bath for 24 hours. A further 100 grams of sodium are then added 
and the heating continued for a further period of 24 hours. After 
filtering and washing the residue with ether, the solvent is removed 
from the filtrate, the residual oil solidifying on trituration with alcohol. 
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Purification may be effected by recrystallisation from ether-alcohol, 
the product melting at 79° C. The yield is about SO per cent. Various 
by-products are produced in this preparation, the use of larger quantities 
of phosphorus trichloride appearing to increase the quantity of by- 
j)roduct.^ (2) Instead of using phosphorus trichloride as in the fore¬ 
going uK'thod, it may be re})iaced by ])henyldichlorophosphine, the 
reaction requiring 0 to 10 days for completion a1 the ordinary tempera¬ 
ture and taking place according to the equation ^ 

C eHg.PC Is + 2 ( gHsHr f 4Na = (C 6 ll 6 ) 3 l' + 2NaCl + 2NaBr 

(3) To a solution of magnesium phenyl bromide (from .5*2 grams of 
magnesium, 34*1 grams of bromobenzene and 108 c.e. of absolute ether, 
])repared in an atmosphere of hydrogen) is added slowly, during fifteen 
to twenty minutes, with good cooling and shaking, a solution of 6 grams 
of phosphorus trichloride in 35 (;.e. of absolute ether, the operation 
being conducted in a hydrogen atmosphere. The reaction ]^roduct is 
decomposed with 80 c.e. of water and 11 c.c. of concentratc^d hydro¬ 
chloric acid. The ether layer is removed and distilled, when 0*7 gram 
of diphenyl is obtained and the residue not distillable at 285° C. is (;rude 
triphenylphosphinc.® Two crystallisations from alcohol give 8*7 grams 
(76 per cent.) of snow-wliite needles, M.pt. 79*5° 

Triphenylphosphine crystallises in large trans])arcnt prisms or 
tablets belonging to the monosymmetrie system, readily soluble in 
most organic soh ents, with the exce})tion of ak*ohol. The following 
physical constants have been determined : density, 1*104 ; refractive 
index,® 7? j), 156*75 at 4*8° to 6*9° C. ; licat of formation, 382,200 calories ; 
heat of combustion at constant pressure, 2,480,700 calories.® In an 
inert gas stream it distils unchanged above 360° C. It only possesses 
feeble basic properties. In eoneentr«ated sulphuric acid it forms a clear 
solution, but with the fuming acid a sulphonic acid is obtained. The 
solution in fuming hydrochloric acid yields the phosphine unchanged 
on treatment with water. Hydriodic acid (density 1*56) reacts with 
the ])hosphine, forming triphenylphosphonium iodide, which is insoluble 
in cold hydriodic acid, but decomposed by water. Dry chlorine reacts 
violently with triphenylphosphine, forming a greenish-yellow syrup, 
transformed by sodium hydroxide into triphenylphosphine dihydroxide. 
The syrup, when heated, is decomposed into chlorobenzene and di- 
phenylchlorophosphine. It is noticeable that no dichloride is formed 
by treatment with chlorine, and a similar result is noted when the 
phosphine is heated with phosphorus trichloride at 290° to 310° C. 
The products obtained by the action of bromine or iodine are also 
easily oxidised. The phosphine does not react when heated with cold 
carbon disulphide, this forming a distinction between aromatic and 

^ Michaelis and Soden, Aiinalen, 1885, 229 , 295; Ber., 1884, 17 , 92]; compare Michaelis 
and Reese, Ber., 1882, 15 , 1610. 

* Michaelis and Gleichmann, Ber., 1882, 15 , 801. 

* The products of reaction between mapinesium phenyl bromide and phosphorus penta- 
chloride in ether are diphenyl, triphenylphosphine, triphenylphosphine dihydroxide, 
tetraphenylphosphonium bromide, (C 6 H 5 ) 4 PBr. 2 H 20 , M.pt. 286° to 288° C., and a 
crystalline complex, C^HgMgBr.Mj^Bra.MpcCla.tlCgHB^aO. 

* Dodonov and Medox, Ber,^ 1928, 61 , fB], 907; compare Pfeiffer, Ber.^ 1904, 37 , 
4620. 

® Zecchini, Qazzetta, 1894, 24 , i, 34. 

® Lemoult, Compt. rend., 1909, 149 , 554. 
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aliphatic tertiary phosphines. Sulphur in carbon disulphide solution 
gives triphenylphosphine sulphide. The tri 2 )heniflphosphonium iodide 
already mentioned crystallises in needles, M.pt. 215° and inetliyl 
iodide, methylene iodide and ethylene bromide? wiien treated with the 
phosphine yield respectively triphenylmethylphosphonium iodide, 
methylene hexaphcnylphosphoiiium iodide and ethylene hexaphenyl- 
phosphonium bromicle. Mercuric chloride and the phosphine form a 
double compound, crystallising in needles, M.pt. above 300° C.,^ and 
platinic chloride gives a ])ale yellow, amorphous platinichloride, Tri- 
phenyl])hosphine forms additive compounds with antimony, arsenic and 
bismuth trichlorides, whi(;h melt at 96° C., 100° C. and 100° to 105° C. 
respectively.^ Phos})horus trichloride under similar conditions does 
not give a double compound. Under a constant pressure of 60 atmo- 
s])heres of hydrogen, triphenylphos[)hine decomposes at 350° C., but 
under similar conditions separation of phosphorus does not take place 
in an atmosphere of nitrogen.^ 

Tri-p-tolylphosphine/ 


CH, 


.\ 


\ _ 


3 


is produced in a similar manner to the phenyl compound. It se})arates 
from alcohol in white prisms, M.pt. 146° C. These form eomjmunds of 
types resembling those given by triphenylphospliine. Nitration, with 
“ mixed acid ” gives a trinitro-derivative, consisting of line yellow 
needles, M.pt. 153° C., the corresponding iriamimhcompound melting 
at 235° C. It crystallises with one molecule of alcohol and forms an 
orange jdatmichloride. 

Tri-m-xylylphosphine, 



forms white, glistening needles, M.pt. 154° C., soluble in the usual 
organic solvents. It yields a mercurichloride, M.pt. 270° C, 
Tri-p-xylylphosphine, 


r CH3 



crystallises from hot acetic acid in white needles, M.pt. 155° P. ; it 
yields a mercurichloride, M.pt. 256° C. 

Tripseudocumylphosphine, 



^ The double compound of triphenylphosphine and mercuric chloi idc has tJu? composi¬ 
tion [(CeHslgPJa.HgCb, not (C(,H 5 ) 3 p.HgCla (Kolitowska, Pocz. CJtem., 1928, 8 , 598). 

* Challenger and Pritchard, Trans. Chem. Soc., 1924, 125 , 864. 

® Ipatiev and Razubaiev, Ber., 1930, 63 , [B], 1110. 

* Miohaelis, Annalen, 1901, 315 , 78; Ohm, Inaug. Dissert. Rostock, 1891. 
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This is obtained in the usual manner from bromopseudocumol, but the 
reaction is slow. The product crystallises from petroleum ether- 
(?hloroform mixture in glistening, delicate needles, M.pt. 216° to 217° C. 

Trimesitylphosphine, 



is a white, crystalline powder, M.pt. 205° to 206° C., difllcult to prepare 
and obtained only in poor yield. 

Tri-biphenylphosphine,^ 



is prepared by the int(‘raction of 4-ehlorodiphenyl, phosphorus tri¬ 
chloride and sodium in dry benzene solution, using a crystal of antimony 
trichloride as a catalyst. It crystallises from benzene in slender needles, 
M.pt. 172° (-., readily soluble in chloroform or hot glacial acetic acid. 


Compounds of the Ty 2 )e ArAi’g'P. 
Phenyldi-p-tolylpiiosphine,2 



oc(^urs when phenyldichlorojdiosphine and p-brornotoluene in ether 
solution react in the presence of sodium. The phosphine separates in 
small, colourless crystals, M.pt. 57° C., readily soluble in ether, sparingly 
soluble in alcohol. 

Phenyldibenzylphosphine,® 


Two parts of benzyl chloride and one part of phcnyldichlorophosphine 
are heated under reflux with granulated zinc for a short time. The 
reaction is violent and hydrogen chloride is evolved. When the reaction 
subsides the mass is mixed with ether and treated with sodium hydroxide. 
The zinc chloride additive compound separates out, is filtered off, washed 
with water and dissolved in alcohol. Addition of water to the solution 
then precipitates white flocks, which, on crystallisation from 50 per cent, 
acetic acid, give white needles, M.pt. 169° to 170° C., subliming at 
170° to 171° C. This phosphine does not combine with alkyl iodides, 
and heating with benzyl chloride for 15 hours at 200° C. produces no 
change. It is only slowly attacked by feeble oxidising agents, but 
potassium dichromate converts it into benzoic and phosphoric acids ; 
nascent hydrogen, or heating with soda lime, gives benzene, toluene 
and phosphoric acid. 

^ Worrall,«/, Aimr. Chem. JSoc,, 1930, 52 , 2933. 

2 Darken, Ber,, 1888, 21 , 1505. 

® Michaelis and Gleicbmann, Ber,, 1882, 15 , 1961; Qleichmann, Inaug» Dissert, 
Tubingen^ 1882. 



AROMATIC pmsmmm and MOSlPHONrUM compounds. 65 

p-Chlorophenyldi-p-tolylphosphine,i 



results in 37 per cent, yield when jp-ehlorophenyldichlorophosphine, 
j 7 -broinotoluenc and sodium react in benzene solution. It forms colour¬ 
less, strongly refractive crystals, M.pt. 115*^ C., easily soluble in the usual 
solvents, sparingly soluble in cold water. It undergoes the customary 
reactions of a triarylphosphine. 

Diphenyl-p-tolylphosphine,^ 

P-<^ )-CH3 

2 

results when diphenylchlorophosphine, j^-bromotoluene and sodium 
react in ether solution. It crystallises in small, colourless prisms, 
M.pt. es"" C., readily soluble in ether. It is a weak base, dissolving 
in concentrated hydrochloric acid, from which solution it may be 
reprecipitated by the addition of water. 

Di-p-tolylbenzylphosphine, 

forms colourless needles, M.pt. 187"^ V. 
Diphenoxypseudocumylphosphine,® 



is a thick, colourless, pungent oil, B.pt. 283° C. at 40 mm., density 1*144 
at 15° C., nj) 1*5085 at 15° C. When kept for a long period it slowly 
forms colourless plates, M.pt. 59° C., and when boiled with water yields 
phenol and pseudocumylphosphinous acid. 

Compounds of the Type AlkArgP. 

Methyldiphenylphosphine, CH 3 (C 6 H 6 ) 2 P, occurs when zinc 
dimethyl is allowed to interact with diphenylchlorophosphine.^ It is 
a colourless, refractive oil, B.pt. 284° C,, density 1*0784 at 15° C. It 
has a pungent odour, and is miscible with alcohol or benzene, but in¬ 
soluble in ether. Oxidation converts it into the corresponding oxide. 

Methylditolylphosphine, CH 3 (C 7 H 7 ) 2 P, is a colourless liquid, 
B.pt. 345° C. 

Ethyldiphenylphosphine, C2H5(CeH5)2P, is obtained as a colour¬ 
less, strongly refractive oil, B.pt. 203° C., having a pungent odour, 
and readily undergoing oxidation with formation of cthyldiphenyl- 
phosphine oxide. 

Ethyldibenzylphosphine, C2H6(CeH5.CH2)2P —This phosphine is 
obtained in the form of its hydrochloride when diethyldibenzylphos- 

^ Michaelis, Annalen^ 1901, 3i5» 93. 

* Dorken, loc, cit. 

® Michaelis, Annalen, 1897, 294 , 34. 

* Michaelis and Link, Annalen, 1881, 207 , 193. 
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phoniiirn chloride is decomposed by heat.^ It boils at 320° to 330° C., 
and is an oily liquid, fuming in air and possessing a jningent odour. 


Compounds of the Tijpe AlkgArP. 

Dimethylphenylphosphine, (0113)206115. One molecular pro¬ 
portion of zinc dimethyl in a large volume of benzene is treated with 
one molecular proportion of phosphenyl chloride in the same solvent, 
the mixture being cooled in ice and the air in the apparatus being re- 
}^laced by carbon dioxide. The reaction takes place smoothly and two 
layers separate, the lower one containing the double compound of the 
base with zinc chloride. This layer is separated, the benzene removed, 
and the residue treated with sodium carbonate, then with solid potassium 
liydroxide several times. 

Tlie phosphine is a ciolourless, strongly refractive liquid, Jhpt. 192° C. 
at 11 mm., density 0-9768, possessing a pungent fishy odour. Ex]K)surc 
to the air causes oxidation to the oxide. The base unites with dry 
hydrogen chloride, giving a solid monohydrochloride and a liquid dihydro¬ 
chloride, The platinichloride crystallises in orange plates. When 
])liosj)}ienyl chloride is added drop wise to dimethyl})henyl])liosj)hine, 
heat is evolved and a solid obtained which appears to be j)hcnyldichloro- 
phosphine. DimethyJphenylphos})hinc and carbon disulphide react in 
ether solution to form an addition compound^ (Cll 3 ) 2 C 6 H 5 .P.CS 2 , which 
crystallises in red scales, melting in an open tube at 97° C. with dissocia¬ 
tion, and in a closed tube at 101° C.; dry hydrogen (‘hloridc or methyl 
iodide causes elimination of the carbon disulphide and the formation 
of jdiosphonium compounds, whilst water tends to cause slow decom¬ 
position at ordinary temperatures. The double compound has basic 
properties and yields a pale yellow, amorphous platinichloride, 
[(cn3),c,H,.p .CS 2 .IlCl] 2 PtCl 4 , which slowly loses carbon disulphide 
on exposure to the air. Combination between dimethylphcnylphos- 
phine and henzal chloride gives a deliquescent compomid which forms 
a pale yellow platmichloridcj M.pt. 50° C., having the composition 
[HO.CTI.C 6 H 5 (CH 3 ) 2 p(C 6 H 6 )Clj 2 ptCl 4 . The same substance also occurs 
if the benzal chloride is replaced by benzaldehyde and the mixture 
heated to 100° C. in the presence of aluminium chloride. The course 
of the reaction is represented as follows ; 


C 0 H 5 .CHO + (CHahCoHg.P-> C.Hj.CH- 

0 




nc] 


-Cl 

NCH3), 


Dimethyl-p-tolylphosphine, (CH 3 ) 2 C 7 H 7 .P, isolated in a similar 
manner to the foregoing phosphine, is a colourless, pungent liquid, 
B.pt. 210° C., which is not oxidised in air, but yields dimethyl-p-tolyl- 
phosphine oxide on treatment with mercuric oxide. It reacts violently 
with methyl iodide to form the corresponding phosphonium compound. 
Benzyl chloride forms a non-crystallinc product with the phosphine, 
this substance forming a platinichloride, M.pt. 226° C. The phosphine 
gives a carbon disulphide compound, yielding clear red plates, M.pt. 
110 ° C. in an open tube, 116° C. in a closed tube. 

^ Collie, Tram. Chem. Soc., 1888, 53 , 714, 720. 

* Michaelis and Ananoff, Ber., 1875, 8 , 493; Michaelis, Annalen, 1876, i 8 i, 265; 
Kohler and Michaelis, Ber., 1877, 10 , 807; Czimatis, ibid., 1882, 15 , 2014; Holle, ibid., 
1892, 25 , 1518. 
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Dimethyl-m-xylylphosphine, —This compound 

was first described as a colourless liquid, B.pt. 230® C.^ Further in¬ 
vestigation 2 produced a liquid of B.pt. 233® C. It is difficult to know 
whether the latter ])roduct was pure, since the starting material was 
w-xylyldichlorophos])lune, M.pt. 256® C., isolated from a mixture of 
the 1:3:4- and 1:3: 5-isomers. The phos[)hine forms a double 
compound with carbon disulphide which (!rystallises in red needles or 
plates, M.pt. 115® C., and also a methiodide capable of existing in two 
isomeric forms. 

Diethylphenylphosphine, (C 2 H 5 ) 2 C 6 Hr,.P, is prepared in a similar 
manner to the corresponding dimethyl compound.® It is a colourless 
liquid, having a pungent odour and boiling at 221*9® C. ; density 
0*9571 at 13® C. It is not readily oxidised in air, but detonates when 
warmed in pure oxygen, carbon separating out. It inflames in contact 
with chlorine, but if the latter is diluted with air the normal dichloride 
is formed. Dry hydrogen chloride reacts to form a dihydrochloride, 
which on distillation decomposes to the free base and probably a mono- 
hydrochloride, The latter is deliquescent in air and insoluble in ether ; 
its aqueous solution with ])latinic chloride gives a yellow crystalline 
platinichloride, melting at 100° C. to a 

resinous mass. Combination between the phosphine and methyl 
iodide takes place with explosive violence, but reaction with carbon 
disulphide is slow, a red product resulting; no compound is isolated 
by the action of benzaldehyde.^ In the undiluted state the phosphine 
reacts explosively with phenyl azide, but in ether solution a crystalline 
compound results.^ The base will dissolve sulphur when added in small 
quantities and the mixture gently warmed, the sulphide, (C 2 H 5 ) 2 CcH 5 .PS, 
probably being formed. 

Diethylbenzylphosphine, (C2ll5)2(C6ll5Cn2)P, occurs in the form 
of its hydrochloride when tricthylbenzylphosphonium chloride is heated 
above 300® C. The hydrochloride boils at 325° to 330° C., and is con¬ 
verted into the free phosphine by sodium hydroxide. The base boils 
at 250® to 255® C.,® fumes in air, and is easily oxidised. Nitric acid 
converts it into the oxide. 

Diethyl-o-tolylphosphine, (C 2 H 5 ) 2 C 7 H 7 .P, is a colourless liquid, 
B.pt. 263® C., and possessing an unpleasant odour.’ 

Diethyl-p-tolylphosphine, (C 2 H 5 ) 2 C 7 H 7 .P, boils at 240® C. 

Diethyl(ethylphenyl)phosphine, (C2H6)2(CeH4.C2H5)P, is a colour¬ 
less liquid, B.pt. 268® to 270° C., density 0*929 at 17® C. 

Diethylanisylphosphine^ (C 2 H 5 ) 2 (P 6 ^l 4 *^PH 3 )^> is isolated as a 
colourless liquid, possessing an intensely pungent odour. It boils at 
266® to 267® €., and has a density of 0*9978 at 18® C. The platini¬ 
chloride separates in pale yellow columns, M.pt. 103® C. 

Diethylphenetylphosphinet (C2H5)2(CeH4.0C2ll6)P, boils at 
275® C. 

Diethylchlorophenylphosphine, (C 2 H 5 ) 2 (CeH 4 Cl)P, is a colourless 
liquid which soon becomes yellow. It boils at 255® to 257® C., and has 
an unpleasant odour. 

^ Czimatis, loc, cit. * Conen, Ber., 1898, 31 , 2919. 

* Michaelis and Ananoff, loc, cit,; Michaelis, Annalen, 1876, 181 , 345. 

* Czimatis, loc. cit,; Holle, loc, cit, 

* Staudinger and Meyer, Helv, Chim, Acta, 1919, [ii], 619. 

* Collie, Trans, Chem, 80 c,, 1881, 53 , 714, 720. 

* Michaelis, Annalen, 1896, 293 , 235. 
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Diethylbromophenylphosphine, (C 2 Hs) 2 (CgH^Br)P, is a colourless 
liquid boiling at 265° C. It has a vile odour, and yields a pale yellow 
p/at inichloride, 

Diethylxylylphosphine, (C 2 H 5 ) 2 CgH 9 .P, is a colourless liquid, 
B.pt. 260° C. 

Diethylpseudocumylphosphine, (C 2 Hb) 2 C 9 Hii.P, is a pungent 
li(|uid, boiling at 274° to 275° C., not oxidised in air. Its platinichloride 
separates as red (;rystals.^ 

Diethoxypseudocumylphosphine, (C 2 H 50 ) 2 C 9 Hii.P, boils at 
262° to 288° C. at 100 rurn., density 1*048 at 15° C., no 1*505. 

Diethylmesitylphosphine, (C 2 H 5 ) 2 C»IIii.P, is a clear liquid, 
B.pt. 170° C., having an unpleasant odour, and not oxidised in air. 
Its plaimichloride, (C 2 H 5 ) 2 C 9 lIii.P.ll 2 PtCl 9 , crystallises from dilute 
alcohol as shining orange-yellow crystals. 

Diethylcymylphosphine, (C 2 H 6 ) 2 ^'lo^^l 3 •^^ 2 f>b° to 270° C. 

Diethyl-a-naphthylphosphine, (C 2 H 5 ) 2 CioIl 7 .P, is obtained by 
the interaction of a-naphthyldichlorophosphine and zinc diethyl, the 
operation being conducted in cooled benzene and the reaction com¬ 
pleted by boiling.2 It is a pungent, yellow oil, B.pt. 360° C. with 
partial decomposition. It behaves towards hydrogen chloride, oxygen 
and sulphur in a similar manner to the corresponding phenyl compound, 
but tlie reactions are less vigorous. 

Di-n-propylphenylphosphine, (C 3 H 7 ) 2 Cen 5 .P, occurs when 19 c.c. 
of phenyldichlorophosphine arc added to the magnesium n-propyl 
bromide obtained from 86 c.c. of n-propyl bromide and 10 grams of 
magnesium. The yield is 17 grams. The product boils at 159° C. at 
50 mm., and has a density of 0*925 at 25° C.^ The mercurichloride 
separates from alcohol as needles, M.pt. 192*5° C. 

Di-n-propyltolylphosphine, (C 3 ll 7 ) 2 C 7 H 7 .P, boils at 174° C. at 
50 mm. ; its density is 0*921 at 25° C. The mercurichloride crystallises 
from glacial acetic acid as prisms, M.pt. 129*5° C. 

Di-n-butylphenylphosphine, (C 4 H 9 ) 2 C 6 ll 5 .P, is a colourless 
liquid, B.pt. 184*5 to 185*5° C. at 50 mm., density 0*9115 at 25° C. Its 
mercurichloride separates from alcohol in fine needles, M.pt. 160*5° C.* 
Di-n-butyl-p-tolylphosphine, (C 4 H 9 ) 2 C 7 ll 7 .P, prepared in the 
usual manner, boils at 197° C. at 50 mm., density 0*9076. The mercuri- 
chloride is isolated from alcohol as prisms, M.pt. 112° C. 

Di-isobutylphenylphosphine, (C 4 ll 9 ) 2 C 6 H 5 .P.—Phenyldichloro¬ 
phosphine, 11 c.c., is added to the Grignard reagent from 47 c.c. of 
2 >obutyl bromide and 10 grams of magnesium, the yield of phosphine 
being 10 grams.® It boils at 168° C. at 50 mm., and has a density of 
0*910 at 25° C. The mercurichloride yields white needles, melting at 
158*5° C. to a cloudy liquid. 

Di-isobutyl-p-tolylphosphine, (C 4 Ho) 2 C 7 H 7 .P, prepared in a 
similar manner to the previous phosphine, boils at 182*5° to 184*5° C. 
at 50 mm., ^lensity 0*915 at 25° C. The yield of mercurichloride is small, 
and the product which crystallises from alcohol in cubic crystals does 
not appear to be pure. 

Di-n-amyl^henylphosphine, (CbHii) 2 C 9 H 5 .P.—Phenyldichloro- 

^ Michaelis, Annahn, 1897, 294 , 34. 2 Kelbe, Ber», 1878, ii, 1499. 

* Davies, Pearse an*'^ Jones, J. Chem. 80 c,, 1929, p. 1262. 

* Davies and Jones, V. Chem, 80 c., 1929, p. 33. 

® Davies, Pearse and Jones, loc, cit. 
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phosphine (11*5 c.c.) ivS added to the Grignard solution from 42 c.c. of 
n-amyl bromide and 8 grams of magnesium. The yield is 10 grams, 
the product boiling at 210® C. at 50 mm., and having a density of 0*902 
at 25® C. The phosphine is only partially miscible with absolute ethyl 
alcohol at 15® C. The mercurichloride crystallises well from alcohol 
and melts at 108® C. 

Di-n-amyl-p-tolylphosphine, (CgHiJgC^Hy.P, boils at 220® C. 
at 50 mm., and has a density of 0*898 at 25® C. It is still less miscible 
with absolute ethyl alcohol than the corresj)onding phenylphosphine. 
The mercurichloride crystallises well from glacial acetic acid and melts 
at 112® C. 

Di-isoamylphenylphosphine, (C 5 Hii) 2 C Jl 5 .P, prepared in the 
usual manner, boils at 198*5® C. at 50 mm., and has a density of 0*900 
at 25° C. The mercurichloride crystallises in needles which melt to a 
cloudy liquid at 152® C. 

Di-isoamyl-p-tolylphosphine, (C 5 Hii) 2 C 7 ll 7 .P, boils at 210° C. 
at 50 inrn., density 0*894 at 25® C. It is only partially miscible with 
ethyl alcohol at 15® C. It forms a mercurichloride which separates 
from glacial acetic acid in prisms, M.pt. 107® C, 

Di(dl-j3-methylbutyl)phenylphosphine, (CH 3 .C 4 Hg) 2 CeH 5 .P, is 
obtained by adding 14 c.c. of phenyldichlorophosphine to the magnesium 
dZ-j8-methylbutyl bromide from 51 c.c. of the bromide and 10 grams of 
magnesium. The yield is 8 grams, and the product boils at 198® C. at 
50 mm., density 0*906 at 25® C. The mercurichloride melts at 120® C. 

Di(dl - - methylbutyl)p-tolylphosphine, (CH 3 .(' 4 H 8 ) 2 C 7 H 7 .P, 

boils at 210® to 211® C. at 50 mm., and has a density of 0*902 at 25® C. 
The mercurichloride, prepared in the usual manner, melts at 99® C. 

Di(S - methylamyl)phenylphosphine or Di-isohexylphenyl- 
phosphine, (CgHi 3 ) 2 CeH 5 .P.—A solution of 18 c.c. of phenyldichloro¬ 
phosphine in 100 c.c. of ether is introduced into the Grignard reagent 
prepared from 60 c.c. of 8-methylamyl bromide, 10 grams of magnesium 
and 350 c.c. of ether. The yield is 7 grams, and the product boils at 
219® C. at 50 mm. 

Di(8-methylamyl)p-tolylphosphine, (C 6 Hi 3 ) 2 C 7 H 7 .P, boils at 
234® to 235® C. at 50 mm., has a density of 0*888 at 25® C., and gives a 
mercurichloride, M.pt. 110*5° C., which crystallises from glacial acetic 
acid in prisms. 

Di-n-propyl-p-anisylphosphine,^ (C3H7)2(C3H4.0CH3)P, boils 
at 165® C. at 17 mm.; density 0*9738 at 25® C.; 1*5477 at 25® C., 

73*08; Ub 1*5352 at 25® C., [JKl]d 71*69; no 1*5301 at 25® C., 
[jKl]o 71*12. Its ether solution yields a dibromide in the form of a 
viscous oil, and the mercurichloride, CigHgiOP.HgClg, separates from 
glacial acetic acid in prismatic crystals, M.pt. 134® C. 

Di-n-butyl-p-anisylphosphine, (C4H9)2(CeH4.0CH3)P, boils at 
190® C. at 16 mm. ; density 0*9600 at 25® C. ; nv 1*5389 at 25° C., 

[jBl]p 82*28 ; njy 1*5274 at 25® C., [jBl]d 80*82 ; no 1*5226 at 25® C., 

[12l]o 80*20. 

Di-n-amyl-p-anisylphosphine, (C5Hji)2(C3H4.0CH3)P, boils at 
202® C. at 18 mm. ; density 0*9882 at 25® C. ; njp 1*5289 at 25® C., 

92*10; nn 1*5178 at 25® C., [JBl]]) 90*48; no 1*5132 at 25® C., 

[jBl]o 89*80. The mercurichloride forms elongated plates, M.pt. 114® 
C., and the dibromide melts at about 85® C. 

^ Jaekeon, Davies and Jones, J. Ghtm, 8oc., 1930, p. 2298. 
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Di-n-propyl(p-ethylphenyl)phosphine, (03117)2(06114.02115)?, ^ 
boils at 157° 0. at 21 mm. ; density 0-9147 at 25° 0. ; nv 1*5370 at 25° 0., 
[RLh 7'5-86; fiv 1*5255 at 25° 0., 74-50; no 1-5208 at 25^^ (\, 

73*94. Broniiuc in ether solution ^ives an oily dibromide, 

Di - n - butyl(p - ethylphenyl)phosphine, (04119)2(06114.( 2115)?, 
boils at 176° 0. at 15 mm. ; density 0-9042 at 25° 0. ; np 1*5319 at 
25° 0., [Kl]f 85-74; 1*5208 at 25° 0., 84-24; no 1*5162 at 

25° 0., 83*61. The dibromide is a viseous liquid. 

Di - n - amyl(p - ethylphenyl)phosphine, (051111)2(06114.02115)?, 
boils at 201° 0. at 18 mm.; density 0*9022 at 25° 0. Its mercuri- 
cJdoride forms elongated prisms, M.pt. 95° 0. 

Compounds of the TyjJe AlkArAr'?. 

Methylphenyl-p-tolylphosphine, (0H3)(06H5)(07ll7)?, occurs 
when plienyl-p-tolylchlorophosphine reacts with magnesium methyl 
iodide, the best proportions being four molecadar proportions of (irignard 
reagent to one of secondary phosphine.^ 

Ethylphenyl-p-tolylphosphine, (02H5)(06H6)(C7ll7)?, may be 
isolated by treating phenyl-p-tolylchlorophos})hine with zinc diethyl 
or magnesium ethyl bromide.^ It has an intolerable odour, boils at 
340° C., and is readily soluble in (‘oncentrated hydrochloric acid. It 
yields a platiniehloride which erystallis(‘s in pale yellow needles. 

Ethylphenylpseudocumylphosphine, ((• 2 M 6 )(C 6 ll 5 )(C 9 lln)?, is 
a pale yellow viscous oil of unpleasant odour.^ It boils normally at 
352° C. or at 225° to 230° C. at 10 mm. It forms a mercurichloride 
and a jdf^tinichloride. 

CoMPOtJNDS OF THE TyPE R4?X (?H 08 PI 10 NUIM COMPOUNDS). 

The following eight types of compounds are included under the 
general formula R 4 ?X: Ar 4 PX, AlkAr 3 ?X, Alk 2 Ar 2 ?X, AlkAlk'Ar 2 ?X, 
AlkgArEX, AlkgAlk^VrPX, AlkAlk'ArAr'?X, (ArO) 3 Alk?X, and com¬ 
pounds represented by such formuhe as C 6 H 5 .?(NC 6 Hio) 2 (^'Il 3 )^ 
(C 9 HjoN) 3 ?(CH 3 )I. It should be noted that the phosphines corre¬ 
sponding to the last three formulae would not be considered to be organo- 
rnetallic from the point of view of this volume since they contain 
phosphorus directly linked to oxygen or nitrogen, but when the phos¬ 
phorus becomes pentavalcnt, with the formation of a phosphonium 
compound, a link is made with a carbon atom, necessitating inclusion 
in this book. 

The general equation for the preparation of phosphonium com¬ 
pounds of the type Alk 2 Ar 2 ?X is 

AlkArg? + AlkX - AlkgAraEX 

All the compounds AlkgArgEX are solids of high melting-point and 
yield platinichlorides, yellowish-red crystalline substances. Similar 
remarks apply to the type AlkAlk'ArgEX. 

The trialkyl compounds, Alk 3 ArPX, are obtained from dialkylaryl- 
phosphines and alkyl halides : 

AlkgArP + AlkX - AlkgArPX 

^ Jackson, Davies and Jones, loc, cit, 

* lladcliffe and Brindley, Chemistry and Industry, 1923, 42 , 64. 

* Michaelis, AnnaUn, 1901, 315 , 60; Wedekind, Ber,, 1912, 45 , 2933. 

* Michaelis, loc. cit 
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They usually crystallise in needles and yield platinichlorides. Silver 
oxide reacts with aqueous solutions of the iodides giving deliquescent 
hydroxides. 

Mixed trialkyl derivatives, AlkgAlk'ArPX, are formed by treating 
dialkylarylphosphmes with alkyl halides containing a different radical 
to the phosphine : 

AlkgArP + Alk'X - AlkgAlk'ArPX 

All arc well-defined crystalline products, the platinichlorides being 
known in some cases. 

The compounds AlkAlk'ArAr'PX occur when the type AlkArAr'P 
is used as the starting-point and treated with an alkyl halide. 

The preparation of the aryloxy-derivatives and the N-phosphonium 
compounds consists in direct addition of the alkyl halides to the phos¬ 
phines. 

Cowpounds of the Type Ar^PX. 

Tetraphenylphosphonium bromide, (CgH 5 ) 4 PBr.^—Four grams 
of tri})henylphospliine in 8 c.c. of absolute ether are added to the 
Grignard solution from 1*48 grams of magnesium and 9*56 grams of 
bromobenzene in 80 c.c. of absolute ether, the reaction being carried 
out in an atmosphere of hydrogen. The whole is tlien eooled in ice 
and a stream of dry oxygen passed in for ninety minutes, the mixture 
being well shaken. Hyclrobromic acid (9*5 c.c. of 48 per cent, acid 
and 20-5 c.c. of water) is then gradually added to the cooled solution, 
which is continually agitated, two layers separating in the reaction 
ilask. The aqueous bottom layer yi<'lds a copious crystalline preci])itate ; 
the upper ether layer is separated and extracted three times with more 
et her. The crystals dissolve on warming in the aqueous mother liquors 
and separate on cooling as pale yellow needles. The yield is 4*65 grams 
or 72*7 per cent. Purification is effected by solution in alcohol and 
recrystallisation. The product melts at 281° to 284° (\ Crystallisation 
from water gives colourless needles, (CgH 5 ) 4 pHr. 2 H 20 , the water 
being eliminated in vacuo and the water-free compound melting at 
287° C. Tlie compound is very soluble in alcohol or chloroform, readily 
soluble in hot water but sparingly in cold water, insoluV)le in benzene 
or ether. The above reaction is regarded as taking place in five stages, 
as follows : 

(C,H5)3P + 

Mg( +{ C , IW ) 

(C 2 H 3)30 • \Br (C2H5)20 
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The bromide also occurs amongst other products when phenyl 
magnesium bromide reacts with phosphorus pentachloride.^ 

When the bromide in aqueous solution is digested for several hours 
with fVeshly precipitated silver oxide it yields a strongly alkaline solution 
of tetraphenylphosphoniwm hydroxide, which readily loses benzene when 
concentrated even in a vacuum, yielding a residue of triphenylphosphinc 
oxide, M.pt. 154*5° to 155° C., and tetraphcnylphosphoniurn carbonate. 
Treatment of an aqueous solution of the hydroxide with hydrochloric* 
acid gives tetrajyhefiylpho/ijyhomum chloride, separating from water in 
large glistening neecllcs containing five molecmles of water of crystal¬ 
lisation ; the water-free salt melts at 265° C. In a similar manner a 
normnl sulphate is obtained which has eighteen molecules of water, the 
anhydrous salt having no definite melting-point. The corresponding 
nitrate melts with decomposition at 284° C., and the iodide melts at 333° C\ 
Tetrabenzylphosphonium iodide, (C 6 H 5 .CH 2 ) 4 PI, occurs when 
one part of phosphonium iodide and two parts of benzyl alcohol arc 
heated together for six to eight hours in a sealed tube at 100° It 
forms white crystals, M.pt. 191° C., readily soluble in chloroform, ether 
or alcohol, becoming slightly yellow on exposure to the air. This 
iodide may be transformecl in the usual manner into the chloride, bromide, 
sulphate or nitrate, all of which form white, shining crystals. Double 
salts arc obtained with jdatinic chloride, and auric, mercuric and stannic 
chlorides, A picrate is known. 


Comp)ounds of the Type AlkArgPX. 

Methyltriphenylphosphonium iodide,® (CH3)(C«H5)3PI. —Tri- 
phenylphosphine combines violently with methyl iodide to yield the 
phosphonium iodide, wdiich consists of shining plates, M.pt. 165° to 
166° C. The corresponding chloride crystallises with one molecule of 
water, which is eliminated at 100° to 110° C., the anhydrous compound 
melting at 212° to 213° C. ; its platinichloride forms orange needles, 
M.pt. 237° to 238° C. 

Ethyltriphenylphosphonium iodide forms broad, colourless 
plates, M.pt. 164° to 165° C. The n-propylphosphonium iodide melts at 
201*5° C. ; the isopropylphosphonium iodide yields prisms, M.pt. 191° C. ; 
the isolmtylphosphonium iodide separates in plates or needles, M.pt. 
176° to 177° C. ; and the isoamylphosphonium iodide crystallises in 
colourless prisms, M.pt. 147° C. 

Methyltri-p-tolylphosphonium iodide, (CH3)(C7H7)3P1, 
separates from water in needles and from alcohol in columns, M.pt. 
108° C. The chloride forms long plates containing two molecules of 

^ Kolitowska, Rocz, Chem., 1928, 8, 568. ^ Ledermann, Ber,, 1888, 2i, 405. 

• Michaelis and Gleichmaim, Ber,, 1882, 15 , 801. 
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water, M.pt. 80® C.; it yields a platinichloride, red needles, M.pt. 245® C. 
The ethyl-, n-propyl- and uopropyl-phosphonium iodides all crystallise 
in needles, and melt at 185® C., 182° C. and 184® C. respectively. 

Methylene-hexaphenylphosphonium iodide, CIl2[(C6H5)3pIj2, 
occurs when methylene iodide combines with triphenylphosphine. 
It separates as glistening needles, becoming yellow at 190® C. and melting 
with decomposition at 230® to 281® C. Ethylene dibromide forms 
ethylen€-hexaphenylphosj)honmin bromide, C 2 H 4 | (CgH 5 ) 3 PBr| 2 , a colour¬ 
less crystalline powder melting above 360® Q, 

Ethyltribenzylphosphonium chloride, (C2H5)(C6n5.CH2)3PCl, 
is obtained by heating cthyldibenzylphosphine with an excess of benzyl 
chloride. It is purified by crystallisation from water and the crystals 
contain a molecule of water of crystallisation.^ Its decomposition on 
heating is not definite, but may take place according to the equations 

+hci 

It gives a platinichloride, [(C 2 H 5 )(C 3 H 5 .CH 2 ) 3 Pl 2 PtCl 3 , when treated 
with ])latinic chloride. This ])roduct is insoluble in cold water, but- 
more soluble in alcohol and hot water. 


Reaction between Alkali Metal Alkyls and Phosphoniufn Halides,^- 
Sodium tri phenyl methyl reacts in ether solution with methyltriphenyl- 
})hosphonium iodide giving the basic carbonate of mcthyldiphenylphos- 
phine oxide. 

All, H3C\ 

__o.co.o— 

\ 0 H no/ 


which melts with gas evolution at 109® to 111® C. 

Lithium n-butyl and ethyltriphenylphosphonium iodide yield ethyl- 
diphenylphosphine oxide, 

+ Li.C^H^-^ {C^^P=CH.CH3 H Lil + CJ1 

1 


(C8Hb)8P-CH.CH3 + H 30 - 


(CeH,)3P.CA- 

‘ I 

OH 


(CeH,)J>.C8H, + CoHe 

II 

O 


The reaction between i^opropyltriphenylphosphonium bromide and 
sodium triphenylmethyl gives a coloured solution, which in moist air 
becomes colourless and furnishes isopropyldiphenylphosphine oxide, 
M.pt. 142® to 143® C., the course of the reaction probably being as 
follows : 


CHa 


(C,H,),P—in +NaC{C,H 5 ), - 

ir djH, 


/CH, 

(C,H,),P=C<:' +NaBr + CH(C,H 5 ), 


(CeHslaP 


=0/ +H80- 

NdHs 


CH, 


(CeHs),?-CH-^ (CeHJ^P-CH + CeHe 


L A 


!H, 


0 CH* 


1 Collie, Trans. Chem. Soc., 1888, 53 , 714, 720. 

* Coffman and Marvel, J. Amer, Chem. Soc., 1929, 51 , 3496. 
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Lithium w-butyl and triphenyldiphenylmethylphosphonium bromide 
yield triphenylphosphine-diphenylmethylcne, and the same product 
results when sodium triphenyl methyl replaces the lithium n-butyl. 

Methyltri-m-xylylphosphonium iodide, (CIl3)(C8H9)3PI, melts 
at 280*5° C. The ethiodide melts at 225° C., and the platinichloride at 
252° C. 

Methyltri-p-xylylphosphonium iodide, melts 

at 169° C., and the corresponding ethiodide at 220° C. 

Methyltripseudocumylphosphonium iodide, (CH3)(C9Hij)3PI, 
melts at 291° C. 

Methyltrimesitylphosphonium iodide, (CH 3 )(C 9 Hii) 3 PI, is a 
yellow powder, M.pt. 269° C., readily soluble in water or alcohol. 

Methylchlorophenyldi - p - tolylphosphonium iodide, (CHg) 
(ClC 9 H 4 )(CH 3 .CeH 4 ) 2 pI,^ crystallises in needles, M.pt. 185° C. The 
corresponding chloride contains four molecules of water and melts 
at 72° C. ; it gives a platinichloride melting with decomposition at 
235° C. The ethylphosphonium and henzylphosjdionium compounds 
melt at 176*5° C. and 257° C., respectively, the latter containing two 
molecules of water. 

Benzyltriphenylphosphonium chloride, (C6ll5.CH2)(C9H5)3PCl, 
obtained from triphenyl phosphine and benzyl chloride, crystallises 
from water with one molecule of solvent. The crystals arc small, white 
rhombs, which slake in air, melt at 287° to 288° C., and arc soluble in 
alcohol but insoluble in ether. Treatment with concentrated potassium 
bromide yields the corresponding phosphonium bromide, small prisms, 
M.pt. 274° to 275° C.; the iodide, M.pt. 253° C., is obtained in a similar 
manner. The following benzyltriphenylphosphonium salts are also 
known ; nitrate, glistening prisms melting with decomposition at 203° C.; 
picrate, golden-yellow needles, M.pt. 148° C. ; dichromate, red needles 
decomposing at 172° to 174° C. ; and thiocyanate, prisms, M.pt. 189° C. 

Methyltri-biphenylphosphonium iodide,^ (CH3)(C9ll5.C3ll4)3PJ, 
is obtained in quantitative yield when the components are mixed. It 
separates from alcohol as sparkling plates melting with decomposition 
at 135° to 136° C. 

Allyltri-biphenylphosphonium bromide,(C3H5)(C6Tl5.CeH4)3PBr, 
forms narrow plates, M.pt. 195° to 196° C. The corresponding 
henzylphosphonium compound crystallises in plates, softening above 
269° C. and melting at 277° C. The phosphonium compound from 
tri-biphenylphosphine and ethyl chloroacetate yields square plates, M.pt. 
164° to 165° C. 


Compounds of the Type Alk 2 Ar 2 PX. 

Dimethyldiphenylphosphonium iodide, (CH3)2(CeH5)2PI, occurs 
when methyl iodide reacts with methyldiphenylphosphine. It crystal¬ 
lises in needles, M.pt. 241° C., and the platinichloride, [(CH 3 ) 2 (C 3 H 5 ) 2 P ]2 
PtClg, as yellowish-red needles, M.pt. 218° C.® 

Diethyldiphenylphosphonium iodide, (C 2 H 5 ) 2 (C 3 H 6 ) 2 PI, ob¬ 
tained from ethyldiphenylphosphinc and ethyl iodide, forms colourless 

^ Michaolis, Annalen, 1901, 315 , 93. 

* Worrall, J, Amer, Chem, 80 c., 1930, 52 , 2933. 

® Michaelis and Link, Annalen, 1881, 207 , 193. 
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crystals, M.])t. 201° C., soluble in hot water but insoluble in ether. 
When heated in an atmos]>here of carbon dioxide, ethyl iodide is not 
removed. The platmichloride, [(C 2 H 5 ) 2 (CgH 5 ) 2 P] 2 PtClQ, crystallises in 
yellowish-red needles, M.pt. 218° C. 

Diethyldibenzylphosphonium chloride, (C2TI6)2(C6H5.CH2)2PC1, 
crystallist^s from water. Its platinichloride forms slender needles. 
Decomposition by heat takes j)lac,e as follows ^ 

(^^2H5)2(C^6n..(^H2)2Pa =^(C2ll5)(Cell5XTl2)2PHCl+C2H^ 

Compounds of the Type AlkAlk'ArgPX. 

Methylethyldiphenylphosphonium i o d i d e,^ (CH3)(C2H5) 

(C(jH 5 )oPI.—T his iodide is prepared by the interaction of methyl- 
di]ihenyl[)hosphine and ethyl iodide. It forms rhombic erystals, M.pt, 
181° C: A plathikhloride, [(Cll 3 )(C 2 H 5 )(CeH 5 ) 2 P] 2 PtCl 6 , M.])t. 220° C., 
and a pierat(\ yellow needles, M.})t. 86° C., exploding when strongly 
heated, may b(‘ isolated from the iodide. 


Con}pounds of the Type AlkgArPX. 

Trimethylphenylphosphonium iodide, (CTl 3 ) 3 C 6 H 5 .PI, is iso¬ 
lated by the interaction of dimethylph(aiylphosphine and methyl 
iodide ; it s('parates as snow-white erystals, M.pt. 205° C.^ 

Trimethyl -p -tolylphosphonium iodide, (tll 3 ) 3 C,H,.PI.- 
l)imethyl-p-tolylj)hos])hine reacts violently with methyl iodide, forming 
the ])hosplioniuin compound. This consists of eoloiiiiess needles, M.pt. 
255° C., readily soluble in cold water, reacting with silver oxide to 
give a deliquesc(‘nt basic mass which forms an orange-yellow^ 
chloride crystallising in ]dates, M.pt. 230° C. The iodide combines with 
iodine to form a periodide, (CH 3 ) 3 C 7 ll 7 .Pl 3 , crystallising from alcohol 
in steel-blue rhomboids, s])aringly soluble in benzene or ether. 

Trimethyl-m-xylylphosphonium iodide, ( 1113 ) 3 !'qH^.PI.—T he 
iodide obtained by treating dimethyL-m-xylylphosphine with methyl 
iodide is eajiable of existing in two isomeric forms.^ The a-iodide 
crystallises in scales or feathery needles, M.pt. 265° C., fairly soluble 
in water or alcohol and insoluble in ether. The ^-iodide forms bushy 
ne(xUes. It is j)ossible that these compounds have the following 
formuhe : 



(CH3)«-P-I 

a-lo(lide 


CH 3 



I 

/5-Todide 


This would mean that the dimethyl-m-xylylphosphine used as starting 
material is not pure, but a mixture of two isomers. The a-iodide forms 
a hydroxide, from which a chloride crystallising in white needles, M.pt. 
110 ° C., may be isolated. A platinichloride, [( 0113 ) 30 gH^.PJgPtCle, 
yellow bushy needles from water, and a gold salt, ( 0 H 3 ) 308 H 9 .P,AuCl 4 , 
long yellow needles, have also been described. 

1 Collie, Trans. Chem, Soc., 1888, 53 , 714. 2 Michaelis and Link. loc. cit. 

® Miehaedis, Annalen, 1876, 181 , 359 . ^ Conen, Ber., 1898, 31 , 2919. 

VOL. XI.: HI. 5 
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Triethylphenylphosphonium iodide, (C2H6)3C6H5.PI. —Diethyl- 
phenylphosphine and ethyl iodide yield this phosphonium compound 
in fans of needles, M.pt. 115° C., which cannot be distilled without 
decomposition, but are not decomposed by potassium hydroxide 
solution.^ A hydroxide and a platinichloride are known, the chloride 
melting below 100° C. 

Triethylbromophenylphosphonium iodide, 

is a white crystalline compound, M.pt. 165° 

Triethyl-o-tolylphosphonium iodide, crystal¬ 

lises in colourless needles, M.pt. 162° C. 

Triethylbenzylphosphonium chloride, (C2H5)3(C6H5.CH2)rCl. 
—This derivative is ])re])ared by warming a large excess of benzyl 
chloride with triethylidiosphine.^ It crystallises from water in needles, 
and yields a platinicMoride, M.pt. 78° C. When heated above 600° C. 
decomposition occurs according to the ecpuition 

(C\n7)(C2H,)3P( 1 == (C7ll,)(C2H5)3PH( 1 + C 2 H, 

Other phosphonium salts which may be obtained from the chloride 
in the usual manner arc as follows, the compounds in brackets being 
the decomposition ])roducts formed when the salts are heated to a high 
tem])crature : bromide (almost totally decomposed ; only resembles 
the chloride to a slight extent); ^ hydroxide (triethyl})hosphine oxide, 
toluene); carbonate and acid carbonate (triethylphosphine oxide, 
toluene, carbon dioxide) ; sulphate (2 mols. triethylphosphine oxide, 
stilbenc, carbon dioxide); acetate (triethylphosphine oxide and methyl 
tolyl ketone, and to a smaller extent triethylphosphine and the methyl 
ester of toluic acid); oxalate (triethylphosphine oxide, toluene, carbon 
monoxide, carbon dioxide). 

Triethylanisylphosphonium iodide, (C 2 ll 5 ) 3 (C 6 H 4 . 0 CH 3 )Pl, 
occurs as long (colourless needles, M.pt. 65° C. ; the 2 >^fdinichloride 
melts at 148° C. 

Triethyl-m-xylylphosphonium iodide, (C 2 H 5 ) 3 C 8 H 2 .PI, is a 
white (‘rystallinc powder, M.pt. 136° C. 

Tri-n-propylphenylphosphonium bromide, (C3H7)3C3H5.PBr, 
melts at 131*5° C.® 

Tri-n-propyl-p-tolylphosphonium bromide, (C3H7)3C7H7.PBr, 
is obtained only with difliculty when p-tolyldi-n-propylphosphine is 
refluxed with n-propyl bromide in ether solution. It forms well- 
developed, hygroscopic needles, M.pt. 125*5° C. 

Comj)ounds of the Type AlkgAlk'ArPX. 

Dimethylethylphenylphosphonium iodide, (^113)2(02116) 
(CeHs)!^, is obtained from dimethylphenylphosphine and ethyl 
iodide.® It separates from ether solution as white crystals, M.pt. 137° C. 

Dimethylbromethylphenylphosphonium bromide,’ (0113)2 
(C 2 H 4 Br)( 06 H 6 )PBr, is produced when dimethylphenylphosphine 

^ Michaelis and Ananolf, fier., 1876, 8 , 493; Michaelis, Anna/en, 1876, 181 , 345. 

2 Michaelis, Annalen, 1896, 293 , 235. 

* Collie, Trans. Chem. Soc., 1888, 53 , 714, 720; compare Hofmann, AnnaUn Suppl.y 
1861 I 323. 

«*Collie, Phil. Mag., 1887, [5], 24 , 27. 

® Davies, Pearse and Jones, J. Chem. Sue., 1929, p. 1262. 

* Michaelis and Ananolf, he. cit,; Michaelis, Annalen, 1876, 181 , 265; Kohler and 

Michaelis, Ber.f 1877, lO, 807. ’ Glcichmann, Ber., 1882, 15 , 198. 
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(1 mol.) and ethylene dibromide (1 mol.) interact. It crystallises in 
colourless tablets, M.pt. 173® C., readily soluble in hot water or alcohol. 
Silver nitrate precipitates half the bromine as silver bromide, whilst 
silver oxide removes the whole of the halogen. With platinic chloride 
an orange crystalline powder is produced which has the composition 
[(CH 3 ) 2 (C 6 H 5 )(C 2 n 4 Br)PBr] 2 PtCl 4 ; bromine forms an addition product, 
(CH 3 ) 2 (C 6 H 6 )(C 2 H 4 ®*‘)BBr. 2 Br 2 , which loses its bromine when warmed 
in air. On heating a coiK'.entrated alcoholic solution of the bromide 
with a further quantity of dirncthylphenylphosphine, a crystalline 
precipitate of ethylenetetramethyldiphenylphosphoniurn bromide is ob¬ 
tained. This melts above 300° C., and gives a deep red jilatinichloride. 
All the bromine is removed from it by silver nitrate. Apparently it 
can add on five molecules of bromine, forming a red powder, soluble in 
glacial acetic acid with loss of bromine, a yellow bromine addition 
product separating out in needles, M.pt. 171® C., of the constitution 
C2ll4l(CH3)2(CeH5)PBrl2Br2. 

Diethylmethylphenylphosphonium iodide, (C2H5)2(CH3) 
(CqIIs)!^!.^—D icthylphenylphosphine combines with methyl iodide 
with exjdosivc violen(*(‘, so that the latter must be added dropwise. 
The iodide melts at 95® C. and gives a hy dr oxide and plotinichloride. 

Diethylmethylchlorophenylphosphonium iodide, (C2H6)2(CTl3) 
(('en,n)Pi, is isolated as a snow-white crystalline powder, M.pt. 97® 
to 98° It is derived from diethylchlorophenylphosphine and methyl 
iodide. 

Diethylmethylbromophenylphosphonium iodide, (C2ll5)2(PH3) 
(C 3 H 4 Rr)PI, crystallises in shining white needles, M.pt. 135® C. 

Diethylmethyl-o-tolylphosphonium iodide, (C2H5)2(CH3) 
(C 7 ll 7 )PI.--The starting-point for the preparation of this (*ompound 
is diethyl-o-tolylphosphine. It yields colourless needles, M.pt. 
98® C. 

Diethylmethyl-p-tolylphosphonium iodide, (('2115)2(^^3) 
(€ 7117 )?!, is obtained in colourless needles, M.pt. 137® C., and yields a 
plotinichloride whi(!h crystallises in transparent yellow plates. 

Diethylmethyl(ethylphenyl)phosphonium iodide, (('2^5)2 
(CH 3 )(C 6 H 4 .C 2 H 6 )PI, separates in needles, M.pt. 135® C. The phenyl- 
hydrazone, CgHgP ^N.NH.Cellg, melts at 139° C. The hydroxide is 
only known in solution ; the platinichloride forms yellow needles, 
M.pt. 195® C.» 

Diethylmethylanisylphosphonium iodide,^ (C2ll5)2(CH3) 
(C 3 H 4 . 0 CH 3 )PI, crystallises in colourless needles, M.pt. 91® C,, and 
yields a platinichloride, M.pt. 142® C., which crystallises in brownish 
prisms. 

Diethylmethylphenetylphosphonium iodide, (C2H5)2(CH3) 
(C 3 H 4 . 0 C 2 H 5 )PI, is more soluble in water than the previous compound. 
It melts at 60® C. and the platinichloride crystallises in needles, M.pt. 
208® C. 

Diethylmethyl-m-xylylphosphonium iodide, (C2H5)2(C'H3) 
(C 8 H 9 )PI, is a white crystalline powder, M.pt. 90® C. The platini¬ 
chloride derived from it forms cadmium-yellow plates, M.pt. 202® C. 

^ Michaelis and Ananof^, Ber., 1876, 8 , 493; Michaelis, Annalen, 1876, 181 , 345. 

^ Miohaelis, Amialen, 1896, 293 , 235. 

* Jackson, Davies and Jones, J, Ghem. 80 c,, 1930, p. 2298. 

* Michaolis, loc, cit. 
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Diethylmethylpseudocumylphosphonium iodide, (C2H6)2(CH3) 
(Cgllii)Pi, is isolated as white, rhombic plates, M.pt. 100° C.^ 

Diethylmethylmesitylphosphonium iodide, (C2H5)2(CH3) 
forms colourless, glistening ticedles, M.pt, 125° C. with 
deeonjposition, (piickly becoming brown in air. 

Diethylmethylcymylphosphonium iodide, (C2n6)2(^'^l3) 
(C ioHj 3 )PI, is a non-crystalline product. 

Diethylmethyl-a-naphtliylphosphonium iodide, (1^2115)2(^^3) 
((\q 117 )PI, crystallises from water in colourless plates, M.})t. 209° C., 
which are affected by sunlight, soon becoming yc'llow, 

Di-n-propylmethylphenylphosphonium iodide, (03117)2(0113) 
( 0 gll 5 )PI, may be recrystallised from water and melts at 0 .^ 

Di-n-propylmethyl-p-tolylphosphonium iodide, (03117)2(1 II3) 
( 07 ll 7 )PI, melts at 81-5° 0. and can be crystallised from alcohol. 

Di-n-butylmethylphenylphosphonium iodide, (04119)2(0113) 
(Ogllg)!^!, crystallises from aqueous solution as wcll-delined rods, 
M.pt. 168° 0.^ The corresponding ethiodide melts at 147° 0. and is 
best re(‘rystallised from alcohol-ether. 

Di-n-butylmethyltolylphosphonium iodide, (04119)2(0113) 
( 07 H 7 )P 1 , melts at 180-5° ('. 

Di-isobutylmethylphenylphosphonium iodide, (04119)2(0113) 
(OflHfJPI, crystallises from water as pearly leaflets, M.pl. 166*5° (\^ 

Di-isobutylmethyl-p-tolylphosphonium iodide, (04119)0(0113) 
( 07 H 7 )P 1 , separates as an oil which crystallises only on long })res(‘rvation. 

Di-n-amylmethylphenylphosphonium iodide, (l'rJIii)2(^ II3) 
(Oftlig)!^!, is prepared from phenyldi-n-amylphos])hine and m(‘thyl 
iodide. It forms leaflets from water, M.pt. 90*5° C'. 

Di-n-amylmethyl(p-ethylphenyl)phosphonium chloroplatin- 
ate, f(0Il3)(08H9)(05Hii)2Pj2Pt0l6, forms yellow (Tystals of indefinite 
melting-point.^ 

Di-n«amylmethvl-p-tolylphosphonium iodide,(l^’5^Iii)2(^ ^ 4 ) 
(C,I 1 ,)PI, is an oil which crystallises only on long standing. 

Di-isoamylmethylphenylphosphonium iodide, (05114^)2(1-113) 
(O^Hg)!^!, forms soft ])early flakes from water, M.]>t. 181*5° 0. 

Di-isoamylmethyl-p-tolylphosphonium iodide, (C6Hn)2(OH3) 
( 07117 ) 01 , separates from w^ater as hard prisms. 

Di(dl-/S-methylbutyl)methylphenylphosphonium iodide, 
(OgHii) 2 (OH 3 )(C! 6 H 5 )PI, ])rcpared from phenyldi(dZ-/3-methylbutyl)- 
phosphine and methyl iodide, crystallises from water in glistening 
plates, M.pt. 150° C. 

Di(dl- /S-methylbutyl)methyl-p-tolylphosphonium iodide, 

(CgH4,)2(CH3)(07H7)PI, separates from water in rods, M.pt. 131 ° 0. 

Di(S-methylamyl)methylphenylphosphonium iodide, (0gHi3)2 
(CIl 3 )(C 6 H 5 )PI, melts at 146° C., and the corresponding ethyl compound 
crystallises as glistening flakes from water, M.pt. 115*5° C. 

Di(8-methylamyl)methyl-p-tolylphosphonium iodide, (0311,3)2 
(CH 3 )( 07 H 7 )PI, is known, but it is diftieult to crystallise. 


^ Michaelis, Anwihn^ 1897, 294 , 34. 

2 Davies. Pearsc and 4 ones, loc-, cit, 

» Ibid. 

^ Ibid. 

* Jackson, Davies and Jones, J. Chem. aS'oc., 1930, p. 2298. 
® Davies, Pearse and Jones, Zoc. cit. 
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Di-n-propylmethyl-p-methoxyphenylphosphonium iodide, 

(C 3 H 7 ) 2 (CH 3 )(C 6 H 4 .()(H 3 )PI,i melts at 60° C. 

Di - n - butylmethyl -p - methoxyphenylphosphonium chloro - 
platinate, l(C 4 H 9 ) 2 (CIl 3 )(C 6 n 4 . 0 CH 3 )Pj 2 PtClg, forms fine yellow 
needles, and, after crystallisation from alcohol, melts at 196° C. 

Di-n-butylmethyl-p-methoxyphenylphosphonium iodide, 
(C 4 H 9 ) 2 (CH 3 )(C 6 n 4 . 0 CH 3 )PI, mclts at 86° C. 

Di-n-amylmethyl-p»methoxyphenylphosphonium iodide, 
(C 5 Hii) 2 (CH 3 )(Cgll 4 . 0 CH 3 )PI, is a liquid which cannot be crystal¬ 
lised. 

Di-n-amylmethyl-p-methoxyphenylphosphonium chloro- 
platinate, [(P 6 Hii) 2 (^'H 3 )(^'G^l 4 *^^'H 3 )Pj 2 PtClg, separates from alcohol 
in yellowish-brown hexagonal plates, M.pt. 153° C. 


Comjnmnds of the Type AlkAlk'ArAr'PX. 

Methylethylphenyl-p-tolylphosphonium iodide, (CH3)(C2H5) 
melts at 150° C., and is obtained by treating ethyl- 
j)henyl-jn-tolylphosphine with methyl iodide.^ Treatment of the iodide 
with silver d-eamphor sulphonatc in dilute alcohol gives methylethyl- 
phenyl-p-tolylpJiosphonium d~camphor suli^honate^ which separates 
from ethyl a(;etate as colourless needles, ]\I.{)t. 128° C. This product 
in dilute alcohol gives the value [il/Jo f 101*6°, and in absolute 
alcohol [J/]d =-H 103*85°, these values gi\’ing for the phosphonium 
ion |il./]i> + 52*15°. The molecular rotation diminishes from 

[A/]d — -{"103*85° to +59*89° when 10 c.e, of the solution are 

diluted with 25 c.e. of water and liltcred. 

Methylethylphenylpseudocumylphosphonium iodide, (CH3) 
ii)PJ, is a yellow oil which yields a crystalline 
platinichloride of M.pt. 186° 

Ethylphenyl-p-tolylbenzylphosphonium iodide, (C2ll5)(C6ll5) 
(C 7 H 7 )(Cgli 5 .CH 2 )Pl, melts at 192° C., and when converted to the 
d-eamphor sulphonate gives an amorphous glassy mass which cannot 
be crystallised. The corresponding bromide (le])osits colourless needles 
from alcohol, M.pt. 215*5° C. 

Methylallylphenyl-p-tolylphosphonium iodide, (C3ll5)(Cn3) 
(CeH3)(Cen4.Cll3)PI. — 22 grams of phenyl-p-tolylmethylphosj)hine, pre¬ 
pared from phenyl-p-tolylehlorophosphine and zinc dimethyl, are treated 
with 20 grams of allyl iodide in dry ether solution. The whole is placed in 
a freezing mixture and crystals soon separate. Recrystallisation from 
alcohol containing a little water, and finally from alcohol-ether mixture, 
yields colourless, glistening needles, commencing to decompose at 
170° C. and melting at 175° to 177° C.^ The iodide is soluble in water 
or alcohol, less soluble in acetone, insoluble in ether, benzene and light 
petroleum. Treatment with the silver salts of d-camphor-j3-sul})honic 
acid, d-a-bromocamphor-TT-sulphonic acid or d-a-broniocam])hor- 
sulplionic acid only yields uncrystallisable products. Attempts to 

^ Jackson, Davies and Jones, J. Chern. iioc., 1930, p. 2298. 

® Wedekind, JScr., 1912, 45 , 2933; Michaelis {Annahn^ 1901, 315 , 60) gave the melting- 
point as 138° C. 

* Michaelis, 7oc. cAL 

* Pope and Gibson, Trans. Ghem. Soc., 1912, lOi, 735; compare Radcliffe and Brindley, 
Chemistry and Industry, 1923, 42 , 64. 
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prepare ethyl-n-bi»tylphenyl-p-tolylphosphoniiim iodide and the n- 
propyl iodide from p-tolylphenylothylpliosphine and the alkyl iodide 
only yield non-erj^stallisable oils.^ 

Methylphenyl-p-tolylbenzylphosphonium bromide, (GH3) 
(CgH 5 )(C 6 ll 4 .CH 3 )((\H 5 .CH 2 )PBr, is the eondensation product of 
phenyl-p-tolylmethylphosphirie and benzyl bromide.^ The mixture 
retpiires cooling, and the deposited crystals are recrystallised from a 
mixture of acetone and ether, thin, colourless plates, M.pt. 211® to 
212® C., separating out. The bromide is readily soluble in acetone, 
insoluble in ether or benzene. 

dl-Methylphenyl-p-tolylbenzylphosphonium d-bromocam- 
phor - 77 - sulphonate, (C H 3 )(( gH 5 )(C 6 H 4 .( H 3 )(( eHg.CILJP.O.SOa. 
CioHi 40 Br.- The foregoing bromide is treated with the corresponding 
amount of the silv er salt of the optically active acid in hot alcohol solu¬ 
tion, the liquid filtered and the filtrate eva))orated. A gum is produced, 
which gradually crystallises when kept in a desiccator. Several re- 
crystallisations from boiling benzene give colourless needles, sintering at 
122® C. on rapid heating and melting at 129® to 181® C. Fractional 
crystallisation from ethyl acetate-acetone yields three fractions having 
the following specific rotations for mercury green light : 

[a] - +58*9®, +58*4° and +53*9® in 1 per cent, aqueous solution. 

The rotation constants of the salt in aqueous solution (()*2658 gram 
in 80 (‘.c. of water), examined in a 4 dm. tube at 15® C., are : 



Mercury,,,^ 

Mpr<mryy^„„„. 


a 

+ 1*91® 

4 1G25® 

+ 1*555® 

[a] 

53*9® 

45*85® 

48*74® 

[M] 

381 

282 

269 


The rotatory dispeivsions are as follows :— 

HgGrecu/NaYcllow = 1 *282 aiid IlgYellow/NaYdlow === 1 *048 

Ammonium d-a-bromo(’amphor-77-sulphonate in an aqueous solution 
of equivalent concentration (()-1464 gram in 30 c.c. of water) in a 
4 dm. tube at 15® (\, shows the following results — 




Mercury 

Sodinmy„i,„„. 

a 

4 2*08® 

h 1-715“ 

+ 1-64" 

fa] 

104*0® 

87-9° 

84-0° 

[MJ 

341 

288 

276 


1 Eadcliffc and Brindley, loc, cit. 
* Pope and Gibson, he* cit. 
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Rotatory dispersions : 

Hl^Grmi/N^^Yellow “ 1*238 Rlld H^Yellow/^^Yfllovv ~ 1*040 

The respective fractions of the phos])}ioniuTn salt, when treated in 
aqueous solution witli potassium iodide, yield an optically inactive 
iodide ; hence the asymmetric phosphonium compound has not been 
resolved. 

The d-camphor^ ^-sulphonate is prepared in a similar manner to the 
pr(*ccding compound. It forms colourless needles, M.pt. 134° to 137° C., 
readily sohil)le in alcohol or acetone, sparingly soluble in ethyl acetate. 
The following constants are obtained after fractional crystallisation 
from ethyl acetate-alcohol mixture, using 0*3175 gram of the salt in 
30 c.c. of water in a 4 dm. tube at 15° C. : 



^^^Oreen 

Yellow 

Yellow 

a 

f 0*52° 

4 0*42° 

+ 0-39° 

[a] 

12*3° 

9*9° 

9*2° 

\M\ 

66 

53 

49 


The rotatory dispersions arc : 

HSOrecij/Na Yellow ~ 1 *333 and Hg Vellow/^ a Velh)W’ =1*0/ 5 

The following arc tlu* values for ammonium r/-(‘amphor- j8-sulphonatc 




Yellow 

"’^^'Yellow 

a 

{- 0*53° 

+ 0*43° 

+ 0*40° 

fa] 

26*6° 

21 *6° 

20 *1° 

IM] 

66 

54 

50 


The rotatory dispersions are : 

H^Green/^a-Ycllow ~ 1*325 and IlgYollow/^aYcllow “ 1 *075 

Resolution of the phosphonium salt has not been effected, since })otassium 
iodide only yields iodides, from the various fractions, which are optically 
inactive. 

Methylphenyl-p-tolylbenzylphosphonium iodide, (CH3)(C6ll5) 
(reH4.CH3)(CeH,.CH2)PI, occurs when potassium iodide is added to 
any of the three foregoing salts in aqueous solution. It separates from 
alcohol in colourless, glistening plates, M.pt. 215° to 216*5° C., soluble 
in methyl alcohol, less soluble in hot ethyl alcohol and practically 
insoluble in ether, benzene or light petroleum. 

Methylphenyl - p - tolylbenzylphosphonium platinichioride, 
r(CH 3 )(CeH 5 )(CeH 4 .CH 3 )(CeH 6 .Cn 2 )P] 2 PtCle, is a yellow powder, 
M.pt. 214° to 215° C., formed when chloroplatinic acid is added to 
aqueous solutions of the foregoing salts. It is practically insoluble in 
the usual solvents. 
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Fhosphonium Comjmmds containing Arifloxy-Groupings.^ 

Triphenoxymethylphosphonium iodide, (C6ll50)3P(CH3)I, 
occurs when triphenoxypliosphinc and methyl iodide are allowt'd to 
interact. The product melts at 70° to 75° C., and is a deli(pjescent mass, 
changing to a brown oil in air, this becoming colourless on adding 
sodium hydroxide. The oil, when extracted with ether, dried and dis¬ 
tilled, comes over at 100 ° to 195° C. at 11 mm. as a eolourh^ss liquid ; 
this, on prolonged standing in the cold, crystallises, the melting- 
point being 36° to 37° C. When saponilied by alcoholic* potassium 
hydroxide and poured into turning nitric acid the' iodide* yiedds m(*thyl- 
phosphinic acid and dinitro])henol. This ])oints to the saponiheation 
compound being the phenol ester ot‘ methylphosphinie ac'icl, formed as 
follows :— 

(( eH 50 ) 3 P(CH 3 )I - 1 11,0 ^ (CeH,())oP< f C i III 

O 

Triphenoxyphosphine, when hc‘ated with ethyl iodide* at 200° C., gi\TS 
an oil which is insoluble in ether and with sodium hydroxide forms the 
phenol ester of ethylphosphinie* acid. 

Triphenoxybenzylphosphonium chloride, (CJl50)3P(C7H7)Cl, 
is obtained w'hen the components are heated toge*ther at 175° C. A 
syrup results, wdiieh, after treating with sodium hydroxide and dec'orn- 
posing as above, yields r the phenol ester of ben/.yl])hosphinie acid, 
phenol and hydrogen chloride. The henzylphosphinic acid phenyl 
esteVy C 7 H 7 .PO(OCqHb) 2 , forms small, white e*rystals, M.pt. 60° C., 
readily soluble in alcohol, ether or benzene. 

Tri-p-tolyloxymethylphosphonium iodide, (CH3.C<jH40)3 
P(CH 3 )I.—Tritelyloxyphosphine is obtained as an oil, B.pt. 250° to 
255° C. at 10 mra.,^ by the action of 1 molecular eepiivalent of phos¬ 
phorus trichloride on 3 equivalents of />erese)l, and the phosphonium 
iodide is obtained from it in the usual manner. The iodide* is isolated 
only as a syrup, which is converted by alkali to /;-eresol, hydrogen 
iodide and the p-cresyl ester of 7nethylphosphinic acid, (CH 3 . 0 ^ 1140)2 
PO.CH 3 , a liquid, B.pt. 220 ° to 225° Ci. at 12 mm. 

Tri - m - tolyloxymethylphosphonium iodide, (Cn3.Cgll40)3 
P(CH 3 ) 1 .— Phos])horus trieddoride and w-eresol yield a phos])hine, 
B.pt. 235° to 238° C. at 7 mm. or 240° to 243° (\ at io mm.*'* The phos¬ 
phonium iodide is a colourless, crystalline, hygroscopic powder, which 
yields the m-cresyl ester of methylphosphinie acid, ( 0113 . 031140 ) 2 PO.CH 3 , 
as a colourless liquid, B.pt. 200° to 205° 0. at 7 mm. 

Tripseudocumenolmethylphosphonium iodide, [(0113)3. 
C 3 H 20 ] 3 P(CH 3 )I, is obtained from the pseudoeumenol phosphine, 
which boils at 270° to 274° C. at 16 mm. In the usual way 
it forms the pseudoctmienol ester of methylphosphinie acid, 0113 . 
P0[0€eH2(CH,)3]„ consisting of shining crystals from ether, M.pt. 79 ° 
to 90° C. 

Tri-p-chlorophenoxymethylphosphonium iodide, (01061140)3 
P(CH 3 )I.—The trichlorophcnoxyphosphine, from phosphorus trichloride 

^ Michaelis and Kaelmo, Ber., 1898, 31 , 1048. 

2 Compare Broeker, J. prakt. Ghem., 1928, [ii], 118 , 287. 

• See Broeker, loc. ciL 
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and j:;“Chlorophenol at 150 ° C., melts at 49 ° C. and boils at 290 ° to 
297 ° i\ at 15 mm. The phosphonium iodide melts at 70 ° C. and may 
he transformed in the usual manner into the j)-chlorophenol ester of 
7 nethjflp}iosphinic acid, CIl3.PO(OCgH401)2, a liquid, B.pt. about 245 ° C. 
at 20 rnin. 


N-Phosphonium Compounds, ^ 

Phenyldipiperidinemethylphosphonium iodide, C6H5. 
P(N05H]o) 2*^ produced by the interaction of phenyl- 

dipiperidine-N-phosphine and methyl iodide. It crystallises in 
shining tablets, M.pt. 107 ° C., very stable, readily soluble in alcohol, 
sparingly soluble in water, insoluble in ether. The corresponding 
hydrooride is a syrup; the chloride forms short, white needles, 
M.pt. 130 ° C., readily solul)ie in water, and forms a platinichloride, 
[C6H5P(N05H|o)2*^'H.‘i]2l^f^ le? which crystallises from hot water in 
yellowisli-red tablets, M.pt. 178 ° C. The bromide crystallises in tine 
white nec^dles. The hydroxide, when heated, splits off piperidine and 
yields plienylinethyl})hosphinic acid : 

( Jl5.P(N(VH,o)2.C H^.on +H2O eIl5.P(C H 3 ) 0 . 0 H + 2 C 5 Hio^ 

Phenyldipiperidine-ethylphosphonium iodide, 

P(N(Vnio) 2 .C 2 ll 5 .I, is })rcpared in a similar manner to the preced¬ 
ing com})ound. It forms slender white needles, M.pt. 174 ° C., and is 
more soluble in water than the methyl com].)oimd. 

Phenyldipiperidinebenzylphosphonium chloride, CgHg. 
P(NC5lIjo)2.C7H7.Cl, ol)tained by heating together its components, 
forms yellowish-red plates, M.pt. 204 ° C. 

Tri - tetrahydroquinoline - methylphosphonium iodide, 
(C‘9H,qN);jP.(T 13.I. • -Tetrahydroquinoline eombincs energetically with 
])}K)si)}K)rus trichloride to yield tri-tetrahydroquinoline-N-phosphine^ 
(CglI,QN)3P, white, rhombic [dates, M.pt. 202° to 204 ° C. This com¬ 
bines with methyl iodide to give the phosphonium iodide, which crystal¬ 
lises in small rhombic needles, M.pt. 188 ° C., fairly soluble in alcohol, 
s[)aring]y soluble in water and insoluble in ether. Its aqueous solution 
with silver oxide yields an alkaline solution of the hydroxide, and this 
with hydrochloric acid is converted to the chloride. Evaporation gives 
a solid, M.pt. 148 ° to 150 ° C., fairly soluble in alcohol and water. The 
])latwichloride, | (CgHio^^a^^-^'HgJgPtClg, forms small, glistening, red¬ 
dish-yellow crystals, melting with partial deeoinposition at 230 ° C. 

Phenyldi-tetrahydroquinoline-methylphosphonium iodide, 
C'f,H5.P(NC9Hjo)2.CH3.I, prepared from phenyldi-tetrahydroquinolinc- 
N-[)hosphinc and methyl iodide, forms glistening silver voluminous 
needles, M.pt. 136 ° C. 

p - Tolyldipiperidine - methylphosphonium iodide, C7H7. 
P(NC5ll3o)2.CH3.I, obtained in the usual way, melts at 186 ° C. The 
ethyl derivative melts at 191 ° C., and the isobutyl and benzyl compounds 
at 204 ° and 125 ° C., respectively. All these products crystallise well, 
most of them in needles. 

Tripiperidine - methylphosphonium hydroxide, (i ) 3 ^- 
(H3.OH.2—This compound is obtained from the corresponding iodide ; 
it is crystalline, strongly alkaline and absorbs carbon dioxide. The 

^ Michaelis, Ber., 1898, 31 , 1037. 

* Michaelis and Luxembourg, Ber,, 1895, 28 , 2205. 
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bromide and chloride are colourless and readily soluble. The latter 
forms a platinichloride, large red crystals, M.])t. 175° C. The iodide 
is obtained from the phos})hine, (C 5 HjoN) 3 P, isolated as a crystalline 
compound, M.pt. 37° to 38° C., when phosphorus trichloride interacts 
with piperidine in ether at 0 ° V, ; it forms thick, colourless, cubical 
crystals, M.pt. 251° to 255° C. The mother liejuors from the iodide 
deposit a substance richer in iodine, which may hav(‘ the constitution 
(C 5 H|o^» ) 3 P.'^Cll 3 l. The corresponding ethylphosphonmm iodide re¬ 
sembles tiie methyl eoni})ound and melts at 178° to 179° C. ; the iso- 
butyl compound is a white crystalline substanc*e, M.pt. 172° V. ; the 
benzylphosphonium chloride forms a thick mass of hygroscopic crystals. 


Aryl Phosphorits Betaines and Ketobetaines. 

Tlx' formation of these derivatives is similar to that of the (*orre- 
sponding arsenibetaines. Triarylphosphiiies combine with inono- 
chloracetic acid to form derivatives of Ty})e I : 

/CH2.COOH 

RyP/ - > R^}\ >CO 

I JI 

These derivatives under the influence of sodium hydroxide or carbonate 
are transformed to the free betaines, Ty))e II. Similar compounds 
may also be obtained by the oxidation by alkaline potassium per¬ 
manganate of arjdtrialkylphosphoniurn chlorides (in which the aryl 
group contains a substituted methyl group). If the (diloracetic acid 
in the foregoing condensation be replaced by an aliphatic or mixed 
ketone, a ketonic group is introduced as in I, and the derivatives are 
known as ketobetaincs : 


XHg.CO.B' 

H,P<_ 


HI 




1 


O 
II 


Alkali transforms I to II. All the compounds are solids and yield 
platinichlorides. 

Triphenylphosphorbetaine hydrochloride,^ 

/CH2.COOII 

(^^6n5)3P< 

\ci 


When triphenylphosphine and ethyl monochloracetate are heated 
together for a long time at 70° to 75° C., the ethyl ester of the foregoing 
hydrochloride results. This forms a crystalline powder, M.pt. 90° €., 
readily soluble in alcohol, chloroform, acetic acid or water. Its platini- 
chloride crystallises from alcohol in small plates. The betaine ester 
decomposes at 172° C., but prolonged heating at 90° to 100° C. produces 
methyltriphenylchlorophosphinc : 


(C*Hs)3P< 


Cl 

CHg-COOCgHs 



+ C 03 + C 3 H, 


* Micbaelis and Gimborn, Ber,, 1894, 27 , 272. 
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The hydrohromide (M.pt. 1.47° C.) and the hydriodide (M.pt. 165° to 
166° C.) arc isolated when the hydrochloride is treated with [)otassiun) 
bromide or iodide respectively. 

Triphenylphosphorbetaine, 


(Cell,),!*/ 


X'o 


^ O 


The foregoing hydrochloride wheri treated with silver or barium 
hydroxide only yields triphenylphosphinc dihydroxide, (Cell 5 ) 3 P(OH) 2 , 
but if eoneentrated axpieous sodium hydroxide or carbonate be used, 
the free betaine is isolated. It separates from alcohol in tabular 
crystals, M.pt. 124° to 126° C., wliich readily dissolve in chloroform 
or acetic acid, and when heated with water give the dihydroxide. It 
forms a platmicliloride, consisting of long, golden-yellow needles. The 
decompositions mentioned above arc indicated by the following 
equations :— 

/Cl 

+ 2Ag(l+2CH3(OOC2H5 


2(CeH5)3P< 


X'Hg.COOCaHg 


((■eHs).,?- 


(H 


2 \ 


o 


>(’0 + ‘illjO = (Cells).,P(0H)2 + CH.,COOH 


Triphenylphosphorcholine hydrochloride, 

/Cl 

(CeHs)aP< 


XII 2 .CH 2 OII 

is obtained by the condensation of triphenylphosphinc and ethylene 
chlorhydrin. It crystallises in glistening white needles, M.pt. 129° to 
130° C., readily soluble in water or alcohol, insoluble in ether. Its 
platinichloride crystallises from dilute alcohol in golden-yellow needles 
melting with decomposition at 222° to 224° Moist silver oxide 
transforms the hydrochloride to the free base, a \'isc()us liquid which 
is strongly alkaline and absorbs carbon dioxide from the atmosphere. 
The hydrobromide forms yellowish-white crystals, M.pt. 114° C., and 
the hydriodide melts at 185° to 186° C. 

The condensation of triphenylphosphinc and trimethylene bromide 
gives a product represented as follows 


(C6H3)3P< 


Tlr 

CH 2 .CH 2 .(H 2 Br 


This crystallises in white needles, M.pt. 226° to 228° C., dissolving in 
water, but less readily in alcohol. It forms a jdatinichloride which is 
non-crystalline and readily decomposed. 

Trimethylphosphorbenzobetaine hydrochloride, ^ 


CeH, 


/CH 3 

-P(CH 3 ) 3 C 1 

I 



COOH 

P(CH 3 ) 3 C 1 


II 


1 Michaelis and Ozimatis, 5 er., 1882 , 15, 2018 . 
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is formed when jy-tolyltrimcthylphosphonium chloride (I) is oxidised 
by alkaline potassium permanganate at 55° C. It has the constitution 
II and forms short, thick, brilliant, transj)arent prisms, soluble in 
w^ater or hot alcohol. The crystals have no melting-point but de(*ompose, 
giving an odour of phosphine. The platinichloride forms a light yellow 
preci})itate. Thv free betaine. 


C,H 


. iO 


> 0.31120 


crystallises in rhombohedra and is efflorescent. It does not yield 
salts with bases, but does so with acids. The acetate forms fine, pearly 
needles ; the nitrate crystallises in needles ; and dilute sulphuric a(ad 
gives an acid sulphate which separates in needles : 


CoH4< 


COOH 


O.SO2.OH 


The hydrochloride decomposes as follows when heated with potassium 
hydroxide : 


C6H,(C00H)P(CH3)3C1 + KOH - CellsCOOH + (( H3)3PO + KCl 

By the action of alkaline potassium permanganate on tlu^ addition 
product from ethylene bromide and dirnethyl-p-tolylphosphine, a 
compound having the structure C 6 H 4 (C 00 H)P(CTl 3)20 is obtained. 
This forms colourless prisms, M.pt. 243° C., having an acid taste and 
subliming on heating. It is very stable on heating with potassium 
hydroxide. 

Tri-p-tolylphosphorbetaine hydrochloride,^ 

(C,H,) 3 P<( 

\CH2.C00H 

is formed in the usual manner and isolated as the ethyl ester, a white 
crystalline powder, somewhat soluble in water, and yielding tri-/>- 
tolylphosphorbetaine on treatment with sodium hydroxide or carbonate. 
The free betaine separates from ether in small white crystals, M.pt. 145° C. 
Dimethyl-p -tolylphosphorbetaine hydrochloride, 


(C,H,)(CH3)2P< 

XH 2 .COOH 

The ethyl ester of this derivative is a white, hygroscopic, crystalline 
powder, M.pt. 153° C., very soluble in alcohol. The platinichloride 
crystallises in fine, reddish-yellow needles, M.pt. 200 ° C. The hydro¬ 
chloride ester is converted by sodium carbonate to the free betaine, 
a stellate mass, M.pt. 206° C. : 


^ Michaelis and Oimborn, loc. cit. 
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2(CH3)2(C7H7)P(C1)CH2.C00C2H5 + Na^COa + HgO 


= 2(CH3)2(C,H,)P< 


CH, 


O 


>CO + 2NaCl + 2C„ILOH + CO, 


The free hydrochloride melts with decomposition at 172° C., and its 
pMinichloride crystallises in flesh-coloured needles, M.pt. 220° C. The 
corresponding diethyltolylhetaine is hygroscopic ; its hydrochloride melts 
at 96° C., and the platinichloride at 157° C. 

a-Trimethylphosphortolubetaine hydrochloride,^ 


/COOH 

\P((TI 3 ) 3 C 1 

7 grams of 1:8-xylyI-4-trimethylphos])honium chloride in 1000 c.c. of 
water arc treated with a little potassium hydroxide and the calculated 
amount of potassium permanganate added, the mixture being main¬ 
tained at 55° C. for eight days. After tilt(‘ring and evaporating to 
dryness, the residue is treated with aleolioJ, when woolly needles, 
insoluble in ether, are obtained. The platinichloride is orange-yellow 
and the aurichloride golden-yellow. The/;re betaine^ 


/ CO . 

CIl3.C«H,/ >0 

^P(CIl3)3^ 


is a hygroscopic mass. It yields a picrate, consisting of golden-yellow, 
bushy, stellate needles, M.pt. 220° C. A nitrate^ M.])t. 226° C., a 
sulphate and an acetate are known. Oxidation of the hydrochloride 
yields a-trimethylphosphortoluhetaine hydrochloride carboxylic acid, 
(COOll) 2 C 6 H 3 .P(Cll 3 ) 3 Cl. This product is readily soluble in water, 
yields a platinichloride, M.pt. 258° C., and a sparingly soluble auri¬ 
chloride, When the hydrochloride is treated with the requisite amount 
of silver oxide, a-trimethylphosphortolubetaine carboxylic acid is formed : 

(3) 

(1) / CO . 

C00H.C,H3< >0 

■\P(CH3)3/ 

(4) 

This yields glistening crystals, M.pt. 160° C., air-stable and easily 
soluble in water. Its copper salt forms blue needles, and the silver and 
harimn salts may be crystallised from water. When the ^-Ibrm of 
trimethylxylylphosphonium iodide is similarly oxidised, a ^-trimethyl- 
j)hosphortoluhetaine carboxylic acid is isolated, 

(3) 

(1) / CO 

COOH.(eH3< 

(5) 



^ Conen, Ber,, 1898, 31 , 2919. 
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Tliis separates from concentrated aqueous solution in fine, matted 
needles, M.pt. 115° C., forms a copper salt, consisting of blue needles, 
and a A^ery hygroscopic hydrochloi'ide, 

Tri-biphenylphosphorbetaine,i 

(CeH,.CeH,)3P< >00 

is formed by the interaction of ethyl chloroacetate and tri-biphenyl- 
phosphinc at 0 ° C. It separates from alcohol in brilliant diamond- 
shaped y)lates, M.pt. 109° to 110 ° C. with preliminary softening. On 
standing at room temperature it is converted into tri-biphenylphos- 
phinc oxide. 

Triphenylmethylphosphorketobetaine hydrochloride or Tri- 
phenylacetonylphosphonium chloride,^ 

XIIo.C’O.CHa 

(CcH,)3p/ 

XI 

occurs when molecular proportions of triphenyl])hosphinc and mono- 
chloracctonc are heated together under reflux for forty-five minutes 
on the water-bath. It separates from alcohol as fine needles, melting 
with decomposition at 237° C., and sparingly soluble in hot benzene, 
insolul)le in ether. The platinichloride is a flesh-coloured jiroduct 
melting with decomposition at 198° C. T\\q free betaine, 

rii,. /OH 

(C'3H3)3P< >(’< 

\ O / 

is isolated by the action of sodium hydroxide or carbonate on the 
hydrochloride. It separates as shining needles, M.pt. 201 ° C., is neutral 
to litmus, insoluble in water, but dissolves in alcohol, benzene or ether. 
Treatment with the re(piisite acids gives the hydrobromide, M.pt, 226° C., 
and the picrate, citron-yellow crystals, M.pt. 166° C. 

Tetraphenylphosphorketobetaine hydrobromide or Tri - 
phenylphenacylphosphonium bromide, 

XH 2 .CO.CeH 5 

(CeH5)3P<( 

\Br 

results when triphenylphosphine is condensed with bromacetophenone. 
It forms colourless crystals, M.pt. 273° to 274° C., soluble in alcohol 
or a large bulk of hot water, insoluble in ether. The free betaine, 
obtained in the usual manner, forms colourless crystals, M.pt. 183° to 
184° C., soluble in alcohol or ether, insoluble in water. It forms the 
following salts : hydrochloride, fine needles, M.pt. 254° to 255° C. ; 
hydriodide, pale yellow needles, melting with decomposition at 256° to 
257° C. ; nitrate, colourless needles, M.pt. 184° to 185° C., soluble in 
boiling water or boiling benzene, 

^ Worrall, J. Amer. Chem, 80 c,, 1930, 52 , 2933. 

2 Michaelis and Kohler, Ber., 1899, 32 , 1566. 
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Triphenyl-p-tolylpho 8 phorketobetaine hydrochloride. 


(CoH,) 3 P< 


CH2.C0.C6H4(H3 

Cl 


70 


is ])repared by the interaction of triphenylphosphine and chloro-/>- 
tolylmethyl ketone. It crystallises in colourless needles, M.pt. 231° C., 
and is more soluble in water than the preceding tetraphenyl-cornpound. 
The /r^6f betaine forms silky needles, M.pt. 181° C., the platinichloride, 
yellowish-red needles, decomposing at 211° C., the hydrobroinide melts 
at 201° C., the hydriodide melts at 265° C., and the nitrate gives slender, 
transparent needles, M.pt. 183° to 184° C. 

Tri-p-tolylmethylphosphorketobetaine hydrochloride, 

XH2.CO.CH3 

This compound is not so readily formed as the phc‘nyl derivative and 
the reaction is only carried to completion when the components are 
healed together for five hours in a sealed tube at 80° C. The j^roduct 
crystallises in bushy needles, melting with decomposition at 245° C., 
is readily soluble; in water or alcohol, sparingly soluble in benzene and 
insoluble in ether. The platinichloride melts at 220° C., and the auri- 
chloride at 164° C. The free betaine separates from alcohol in needles, 
M.pt. 117° C., insoluble in water but dissolving in the usual organic 
solvents. It ydelds a hydrobrornide melting with de(*omposition at 
210 ° C., and a hydriodide consisting of fine needles, M.pt. 189° C. 

Phenyltri-p-tolylphosphorketobetaine hydrochloride or Tri- 
p -tolylphenacylphosphonium chloride, 

.CH2.CO.C6H3 

(C,I 1 ,) 3 P< 

'Cl 


requires eight hours’ heating in a sealed tube at 88° C. of molecular 
quantities of tri-/;-tolylphosphine and monoehloraeetophenone to 
complete its preparation. It melts at 236° C., yields a platinichloride, 
M.pt. 240° C., and an aurichloride, M.pt. 156° C. The free betaine 
crystallises in bushy needles, M.pt. 177° C., its hydrobromide and 
hydriodide melting at 248° C. and 236° C. respectively. 

Tolylmethyldiethylphosphorketobetaine hydrochloride, 

.CH2.CO.CH3 

((\H,)(C3H3)3P< 

\ci 


yields a p)latinichloride consisting of reddish-yellow crystals, PJ.pt. 
178° C., and a jncrate forming citron-yellow needles, M.pt. 127° C., 
whilst the free betaine is a very hygroscopic solid, M.pt. 75° C. 


Compounds of the Type RPXg. 

The first member of this series, namely phenyldiehlorophosphine, 
may be isolated by passing the vapours from a mixture of benzene and 
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phosphorus trichloride through a red-hot porcelain tube, a slow stream 
of carbon dioxide being circulated through the apparatus. Tins 
method docs not seem to have been applied to any other compound 
of this class. A more general method consists of heating together 
mercury diaryls and phosphoms trihalides : 

K ,Hg + PX 3 = RPX 2 4 lUIgX 

Although this equation is given in the literature, it is v(*ry pro})able 
that the reaction takes place in stages as follows :— 

H allg + 2PX3 = 2RPX2 + IlgX o 
RgHg + RPXg -RgPX f RUgX 

A higher temperature apj^ears to facilitate the second rea(‘tion. The 
yields of })rimary product by this reaction ar(‘ very poor in some eases, 
and the sanu^ starting materials may be used for the type RgPX. The 
Friedcl-Crafts reaction has also been used for these pre))arations : 

+PCI 3 + [AICI 3 I :^CH 3 .C,H,.PC^l 2 4-IlCl I [AlChJ 

"ilie resulting product is contaminated with secondary products. 

All the aryldiehlorophosphines are liquids which combiiu^ with the 
halogens forming tetrahalides, these being crystalline products decom¬ 
posed by moisture into oxychlorides, RPOUlg^ f^i^d finally acids, 
R.P 0 ( 0 H) 2 . The tetrachlorides arc produced also by the a(’tion of 
chlorinating agents, such as iodine monochloride, titanium tc'tra- 
chloride or antimony pcntaehloride, on aryldic,hloro}>hosphines. The 
latter combine with oxygen to form oxy(‘hlorides, but these are best 
obtained by the action of sulphur dioxide or acetic acid on the tetra¬ 
halides. Similarly sulphur and aryldiehlorophosphines give sul})ho- 
chlorides, RPSClg, a quantitative yield occurring if th(' ice-cold phos¬ 
phine be treated with sulphur chloride. Hydrogen sul))hide reacts only 
to form the normal sulphide, RPS. The clilorine may be removed 
from phenyldichlorophosphine by silver cyanide or thiocyanate, a 
dicyanide or a dithiocyanate resultiijg. Condensation takes place 
between aryldiehlorophosphines and aryl hydrazines, piperidine and 
tetrahydroquinoline, whilst the oxychlorides (RPOClg) combine with 
aniline, hydrazines and ammonia. The products are dealt with on 
pp. 86-89. 

Phenyldichlorophosphine or Phosphenyl chloride, C 3 H 5 .PCI 2 , 
may be prepared in several ways : ( 1 ) A mixture of benzene and phos¬ 
phorus trichloride is distilled and the vapours passed througli a red-hot 
porcelain tube.^ The yield is greatly increased if a slow stream of 
carbon dioxide is passed through the apparatus during the distillation, 
a litre of the mixture giving 140 grams of pure product per nine hours.^ 
A variation of this method consists in passing phosphorus trichloride 
and benzene vapours over a quartz tube sealed in a glass vessel and 
heated internally by a nichrome winding.^ ( 2 ) By passing carbonyl 
chloride into phenylphosphine.^ (3) When mercury diphenyl and pure 

^ Michaelis, Annalen, 1876, 181 , 265; Rer., 1873, 6, 601, 876; Kohler, Ber., 1880, 13 , 
1623; Arbusoff, J. Russ, Phys, Chem. Soc., 1910, 42 , 395. 

* Pope and Gibson, J. Chem. 80 c., 1912, loi, 735. 

® Bowles and James, J. Amer. Chem. 80 c., 1929, 51 , 1406. 

* Michaelis and Dittler, Ber., 1879, 12 , 338, 
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]ih()sphorus tricliloride are heated together in a sealed tube for several 
hours at 180° C., the following reaction takes place ;— 

+ PCl3 = C eIl5J^C I2 +CeH,.HgCl 

The yields obtained by this method are not good, 30 grams of mercury 
diphenyl giving only about 5 grams of pure product. ^ 

The ])hos])}iine is a (colourless, strongly refractive liquid, fuming in 
air and possessing a pungent odour r(‘seml)ling that of pheny]})hos- 
plhne. It boils at 222 ° C., becoming slightly brown unless distilled 
in an inert atmos})here ; its density is 1 *310 at 20 ° C., and from measure¬ 
ments of the rc'IVaetive index, the atomic refraction of phosphorus in 
the compound is 17* 17.*'^ The phosjdiine is soluble in ben/cne, chloro¬ 
form or carbon disid|)hid(i, but is decom})osed by water, yielding the 
phosphinous accid. Phos])horus readily dissolves in ))henyldiehloro- 
})hosy)hine and is difficult to remove by distillation ; in sunlight 
amorjdious pliosj^horiis soon separates from the solution in flocks. Idle 
pliosphinc combines with the halogens, oxygen and sulphur to yield 
tetrahalides, the oxychloride and a sul]:>hoehloride, res})eetively,® and 
silver cyanide and thiocyanate form a dicyanide and a dithiocyanate, 
res])cctively.'* Wlicn tJie ]>hosphine is cooled in ice and treated w'ith 
sulphur chloride, a (piantitative yield of the suiphoehloridc, CgHg. 
PSCUg, results,^ but hydrogen s\d])hid(% if ])asse(l into the hot dichloro- 
])hosphine, gives the normal sulphide, C^Hg.PS.® If phos})hine (PH 3 ) 
be passed for s<‘vcral days through ])h(‘nyldiehlorophosphine, diphospho- 
b(‘n/ol, CfiHg.P ^-POll, is formed;’ replacement of the phosphine by 
])henyli)hosphine and slow addition of the dichlorophos])hinc yields 
])hos])hobcnzene, qHs, if the rea(*tion be carried out in an 

atnios])hcr(c of hydrogen. Warm alcohol converts the di(‘hloroy)hos- 
f)hine to phenylphosydiinous acid,® and heating with mercury diphenyl 
in a seakxl tube at 220° to 230° C, gives phenylrncrcurie chloride and 
dif)henylchlor(;)phosphine ; the latter compound also results when the 
dichloro])hosphine is heated alone for a jirolonged period in a sealed 
tube at 280° A solution of ])hosph(myl chloride (1 mol.) and phenyl 

hydrazine (3 mols.) in five volumes of cooled ether reacts to give 
ph( 3 sphenyl pheiiylhydra/x)i\e, CgHg.NII.N ^P.CgHg: piperidine under 
similar conditions yields phenyldipiperidine - N - phosphine, 
P(NC 5 Hio) 2 ,^^ wdiilst zinc diethyl reacts in the usual manner giving 
diethylphenyl phosphine. ^ ® 

Iodine inonochloride, titanium chloride and antimony pentaehloride 
react with yihosphenyl chloride according to the following equations: 

C'eHg.PCl^ +2lCi ^^CJIg.Pa^ + I 2 
( Jlg.PClg +2TiC\ ==CeH5.PC 1, +Ti2Cle 
(^Jlg.PCU +2SbClg -CJIg.PCl^.SbClg +SbCl3 


^ Michaelis, loc. cit, ® Zecchini, Gazzetia^ 1894, 24 , i, 34. 

* Michaelis, loc, cit.; Kohler and Michaelis, Ber., 1876, 9 , 10.^3. 

^ Michaelis, Annalen, 1896, 293 , 212. ® Kohler, Bcr., 1880, 13 , 463. 

® Kohler and Micha(‘Hs, Ber.^ 1877, 10 , 815. 

Michaelis, Ber.^ 1875, 8 , 499; Kohler and Michaelis, loc. cit. 

“ Kohler and Michaelis, loc. cit. 

® Michaelis and Link, Anrialen, 1881, 207 , 193; Michaelis, Ber., 1877, 10 , 627. 

*0 Broglie, Rer., 1877, 10 , 628. 

Michaelis anci Oster, Anncileut 1892, 270 , 123. 

^2 Michaelis, Ber., 1898, 31 , 1037. Michaelis and AnanofT, Bcr., 1874, 7 , 1688. 

Kohler, Bcr., 1880, 13 , 1626. 
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The tetrachloride, prepared according to the preceding equations, is a 
crystalline compound, M.pt. 73° C., at which temperature it partly 
sublimes; it partially decomposes if the temperature is raised.^ It is 
decomposed by water, one molecule of the latter giving the oxychloride, 
Cells.POClg, imt three molecules producing phenylphosphinie acid, 
CfiHg.PC)( 011 ) 2 . The tetrachloride on heating at 180° C. in a sealed 
tube decomposes into chlorobenzene and phosphorus chloride. If 
sulphur dioxide or acetic acid reacts wnth the tetrachloiidc the oory- 
chloride results.^ This oxychloride ^ also occurs when oxygen combines 
with phosphenyl chloride, but the operation is dangerous, especially 
if the chloride is pure. The best method of preparation is the one 
using sulphur dioxide, as already mentioned. Tlu' oxychloride is a 
viscous liquid, R.pt. 258° C., having a faint odour, density 1*375 at 
20° C. It decom])oscs with water according to the equation 

Cells.POCla + 2 H 2 O ==C6ll5.PC)(01I)2 +2IK1 

Anilides may be formed by treating the oxychloride with amines, and 
twelve parts of oxychloride when heated under reflux with sc^ven parts 
of })henylphosphinic acid until evolution of hydrogen chloride ceases, 
yield an oxide, Gjills.POa.^ It is interesting to note that the difference 
between the boiling-points of phenyldichlorophosphine and the oxy¬ 
chloride is 36° C., whilst that between phosphorus trichloride and 
])hosphorus oxychloride is 32° C.® 

When one molecular proportion of bromine and a similar pro))ortion 
of phenyldichloro])hosphine are allowed to react, a dihrornide is pro¬ 
duced, C(jH 5 .PCl 2 l^*’ 2 * This product sublimes at 130° C., forming 
rosettes of yellowish-red, monoclinie crystals, M.pt. 208° C. Sulphur 
dioxide converts it into oxychloride, and when heated alone in a sealed 
tube at 150° C. it decomposes as follow'S :— 

2( oIl 5 .PCl 2 Rr 2 = ( eHg.lTlg +PBr( I 2 +C 6 H 4 Br 2 +HBr 

3PBrCl2-2PCl3+PBr3 

A compound, C3lI5.PCl2.Br4, has also been described ® as a red mass 
decomposed by water into phenylphosphinous acid, hydrogen chloride, 
hydrogen bromide and free bromine. 

Phenyldibromophosphine or Phosphenyl bromide, CgHg.PBra, 
may be obtained by passing dry hydrogen bromide into phosphenyl 
chloride, and in poor yield by the interaction of phosphorus tribromide 
and mercury diphenyl.’ It is a colourless liquid, becoming yellow in 
sunlight and a red product separating out. Addition of bromine in 
ether solution gives the tetrahromide, consisting of stellate groups of 
yellowish-red needles, M.pt. 207° C., fuming in air and decomposing 
with a hissing sound in contact wnth water. A hexahromide, dark red 
needles subliming at 110° C., has also been described. 

Phenyldicyanophosphine, C 3 H 5 .P(CN) 2 .—When phenyldichloro¬ 
phosphine reacts with silver cyanide the dicyanidc is obtained as a 
viscous, colourless oil, B.pt. 144° to 145° C. at 20 mm., very stable 

^ Michaelis, AnnaUn, 1876, 181 , 294; B&r., 1873, 6 , 816. 

® Michaelis and Kammerer, Bzr,, 1875, 8 , 1306.' 

® Michaelis, Annakn, 1876, i 8 i, 302; Ber., 1873, 6 , 816. 

^ Michaelis and Rothe, Ber., 1892, 25 , 1747. 

* Michaelis, Ber., 1873, 6 , 8 i 6 . 

* Michaelis, Annalen, 1876, 181 , 294. 

7 Michaelis and Kohler, Ber., 1876, 9 , 519, 
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towards water. It is readily decomposed by dilute alkali to the metal 
cyanide and phosphinic acid.^ 

Phenyldithiocyanophosphine, C6H5.P(SCN)2, is a viscous yellow 
oil, B.pt. 205° to 207° C. at 20 mm. It is sparingly soluble in cold 
water and is energetically decomposed when the solution is heated. A 
violent reaction takes place with chlorine with formation of the tetra¬ 
chloride, CgH 5 .PCl 4 , sulphur and cyanogen chloride.^ 

Phenylphosphorus sulphide, CgHg.PS,^ occurs when hydrogen 
sulphide is })assed into })licnyldichlorophosphine or when the hydro- 
sulphide, CgHg.PSHg (a pale yellow liquid obtained from phcnyl- 
phos])hinc and sul])}iur), is heated for a prolonged ])eriod. It has a 
vile odour and is an oily product yielding diphenylphosphinic acid when 
oxidised by nitrict acid. In the first method of preparation a second 
sulphide, formed. This is a white crystalline solid, 

M.pt. 190° to 198° C., unaffected by w'ater but yielding diphenyl¬ 
phosphinic acad when treated with nitric acid. 

Phenyldichlorosulphophosphine, ((jH^PSClg.—Phenyldichloro- 
phosphine dissolves stdphur forming the siilphochloride, but the latter 
is obtained in quantitative yield by the interaction of pheiiyldiehloro- 
phosphine and sulphur (‘hloride.^ It fumes feebly in air, and prolonged 

i) oiling with water gives phenylphosphinie acid, hydrogen chloride 
and hydrogen sulphide. The reaction with potassium hydroxide is 
violent, and if the solution he ev"aj)orated to dryness and the residue 
taken up in alcohol, needles separate ; these liave the composition, 
PqH 5 .PS(OK) 2 , and when the alcohol solution is diluted with water, 
tlic free acid, C 6 H 5 .PS(OH) 2 , is obtained. A very dilute alcohol solution 
of lead acetate gives lead sulphide when boiled with a similar solution 
of the sulphochloride. The sulpho(*hloridc is soluble in alcohol, winter 

j) recipitating an oil, C 6 H 5 .PS(OCon 5 )o, and phenol giving CgHg. 

PS(OCell5)2. 

p-Chlorophenyldichlorophosphine, ClC 6 H 4 .PCl 2 .^—From a 
mixture containing 150 grams of chlorobenzene, 200 grams of phos¬ 
phorus trichloride and 30 parts of anhydrous aluminium chloride, 
a 25 per cent, yield of the phosphine, calcidated on the weight of 
chlorobenzene used, is obtained. It boils at 253° to 255° (\, has 
density 1-425 at 17° F., and fumes slightly in air. The position of the 
chlorine atoms is determined by heating the product in a sealed tube 
for two hours at 150° C. with bromine, when the ])hosphorus is replaced 
by bromine. The corresponding tetrachloride is a crystalline, de¬ 
liquescent compound, and the chlorohromide a fuming solid, M.])t. 
216° C. The oxychloride, prepared from the tetrachloride by the 
action of sulphur dioxide, is a faintly yellow liquid, B.pt. 284° to 
285° C., density 1-4892 at 20° C. 

p-Bromophenyldichlorophosphine, BrCfiH 4 .PCl 2 , is a viscous, 
refractive liquid, B.pt. 271° to 272° C., density 1-6895 at 15° C.® 
Heated with bromine and water in a sealed tube it gives p-dibromo- 
benzene. The tetrachloride is a yellow mass, M.pt. 55° C., and the 
oxychloride a liquid, B.pt. 290° to 291° C. 

^ Michaelis, loc. cit. ® Michaelis, Atinalen, 1896, 293 , 213. 

® Michaelis and KOhler, loc. cit. 

* Kohler and Michaelis, Ber., 1876, 9 , 1053; Kohler, Ber., 1880, 13 , 463. 

* Michaelis, Anndlen, 1896, 293 , 223; Maecker, Inaug. Dissert. Jtostack, 1893. 

* Michaelis, loc. cit.; Giindermann, Inaug. Dissert, Rostock, 1894. 
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o-Tolyldichlorophosphine, CH3.C6H4.PCI2, occurs when mercury 
di-o-tolyl is heated with ten to hftcen times its weight of phosphorus 
trichloride in a sealed tube at 180° to 190° C. for forty-eight hours. 
The yield is 78 per ccnt.^ It is a colourless, highly refractive liquid, 
B.pt. 244° C., density 1-8067 at 18*5° C. The ietrackloride forms a 
yellowish-white, crystalline mass, M.pt. 68 ° to 66 ° (!., and the oxy¬ 
chloride is a colourless liquid, B.pt. 278° C., density 1*8877 at 18*5° C. 

o-Chlorotolyldichlorophosphine, (CH 3 )ClC 6 ll 3 .PCl 2 , is a trans¬ 
parent, highly refractive licjuid, B.pt. 265° to 266° C., density 1*878 
at 22 ° C. The corresponding tetrachloride crystallises from benzene 
as pale vcllow needles, and with sulphur dioxide yields the oxychloride, 
M.pt. 36° C., B.pt. 290° to 291° C.^ 

m-Tolyldichlorophosphine, CH 3 .C 6 H 4 .PCl.>, obtained from mer¬ 
cury di-w-tolyl and phosphorus trichloride*, boils at 285° C. and has 
a density of 1*282 at 22 ° C. The tetrachloride is a viscous yellow 
oil, solidifying at about 0 ° C., and the oxychloride is a transj)arcnt 
liquid, B.])t. 275° C., density 1-8588 at 18° 

p-Tolyldichlorophosphine, CH3.CCH4.PCI2, may be obtained 
from mercury di-T^-toIyl and })hosphorus trichloride* or directly from 
toluene by the action of phosphorus trichloride in the presence of 
aluminium chloride.'^ It crystallisc‘s in needles or leaflets, M.})t. 25° C., 
B.pt. 245° C. The tetrachloride forms small columns from beuizcne, 
M.pt. 42° C., deliepiescing in the air and forming the oxychloride. The 
latter is also isolated by treating the tetrachloride Avith sulphur dioxide ; 
it forms a viscous oil, B.pt. 284° to 285° C., water t'onverting it into 
the phos])hinic acid. More recent work on the tctra(*hloride ^ gives 
the melting-point as 69° to 91° C., and shows that when heated at 
98° C. in a current of dry air it evolves hydrogen chloride, whilst 
chlorination of the methyl group occurs. The chlorohroniide, C'yll,. 
PClgBrg, melts at 128° to 180° C. in a sealed tube with elimination of 
bromine. Reduction of the dibromide with sulphur dioxide gives the 
substance CH 3 .C 6 H 4 .POClBr(?), M.pt. 5° to 8° C. 

p-Tolyldibromophosphine gives a tetrahromide, C 7 H 7 .PBr 4 , M.})t. 
160° to 161° C. with elimination of bromine; hydrogen bromide is 
evolved when the compound is kept at 160° C. 

Cymyldichlorophosphine, (C 3 H 7 )CH 3 .C 6 H 3 .PCl 2 ,® occurs when 
15 grams of cyniene, 20 grams of phosphorus trichloride and 3 grams 
of aluminium chloride arc heated together for twenty hours. The 
yield is about 2 grams. The product is a transparent, highly refractive 
liquid, B.pt. 275° to 278° G., possessing a characteristic odour. It 
readily reacts with chlorine and bromine, the tetrachloride being a 
viscous, non-erystallisable liquid. 

p-Anisyldichlorophosphine, CH3O.CeH4.PCl2, is a colourless, 
strongly refractive liquid, B.pt. 150° C. at 18 mm. or 245° to 253° C. 

' Michaelis and Paneck, Annahn, 1882, 212 , 213; Miohaelis, Annakn, 1896, 293 , 292; 
Schmidt, Inaug. Dissert. Rostock, 1895. 

^ Melchikcr, Ber., 1898, 31 , 2915; Chem. Zentr., 1899, i, 129. 

® Michaelis, Annalen, 1896, 293 , 302; Berghegger, Inaug. Dissert. Rostock, 1894. 

^ Michaelis and Lange, Ber., 1875, 8 , 1313; Michaelis, Bar., 1879, 12 , 1009; Michaelis 
and Paneck, Ber., 1880, 13 , 653; Annalen, 1882, 12 , 206; Michaelis, Anmhn, 1896, 293 , 
261; Wedekind, Ber., 1912, 45 , 2933; Radcliffe and Brindley, Chemistry and Industry. 
1923, 42 , 64. ... 

® Lindner, Monatsh., 1923, 53 and 54 , 263. 

® Michaelis, Annalen, 1897, 294 , 64, 
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at 760 min., density 1*331 at 25° C.^ The tetrachloride ^ yields colour¬ 
less, stellate groups of needles, M.pt. 35° to 40° C., deliquescent in air, 
forming tlie oxychloride, a yellowish liquid boiling above 360° C. with 
partial decomposition, but boiling uneJianged at about 173° C. at 12 
to 15 imn.® 

p-Phenetyldichlorophosphine, CallsO.Celi^.PClg, forms a 
colourless, unpleasant, fuming liquid, boiling at 266° C. with slight 
decomposition. 

p-Ethylphenyldichlorophosphine, C gHs.CgH^.PClg, boils at 250° 
to 252° C., and has a density of 1*227 at 17° C. The tetrachloride forms 
white crystals, M.})t. 51° C., and the oxychloride is a colourless liquid, 
H.pt. 294° C., density 1*29 at 16° C.^ 

o-Xylyldichlorophosphine,(CH 3 ) 2 C 6 li 3 .PCl 2 , boils at 278° C., and 
the corresponding oxychloride melts at 145° C.® 

m-Xylyldichlorophosphine, (CH 3 ) 2 C 6 H 3 .PCl 2 , is a faintly 
fuming, strongly rclractivc liquid, the boiling-point being given as 
256° to 258° ('. when prepared from mercury di-m-xylyl, and 265° C. 
when prepared from ?//-xylene. Its density is 1*24 at 18° C.® 

p-Xylyldichlorophosphine, (CH3)2C6H3.P( I2, boils at 253° to 
254° C. and crystallises at -30° C. to colourless needles, density 1*25 
at 18° C. ITie tetrachloride is a pale yellow crystalline mass, M.pt. 
(i0° C., and the oxychloride a vis(!OUs liquid, B.pt. 280° to 281° C., 
density 1*31 at 18° C.’ 

Pseudocumyldichlorophosphine, (CTl 3 ) 3 CgH 2 .PPl 2 ) is isolated as 
a colourless liquid, H.pt. 280° C., density 1*2356 at 20° C. ; the tetra- 
chloride is a pale green crystalline mass, M.pt. 75° C. ; the oxychloride 
melts at 63° (!. and boils at 307° to 308° C.® 

Mesityldichlorophosphine, (CH3)3C6ll2.PCl2, crystallises in trans- 
})arent plates, M.pt. 35° to 37° C., B.pt. 273° to 275° C., density 1*205 
at 15° C. ; the tetrachloride is a yellowash crystalline mass, M.pt. 70° C., 
and the oxychloride forms large transparejit tablets, M.pt, 92° to 93° C., 
B.])t. above 360° C.^ 

Gumyldichlorophosphine, (CH3)2CH.C6H4.PCl2, is a colourless 
liquid, B.pt. 268° to 270° C., density 1*190 at 12° C. The tetrachloride 
forms a white crystalline mass, M.pt. 53° to 55° C., and the oxychloride 
boils at 183° C. at 35 mm. or 295° to 300° C. at 760 mm. with de¬ 
composition.^® 

Diphenylmethanedichlorophosphine, C3H5.CH2.C6lI4.PCl2.— 

This compound is prepared by the interaction of 40 grams of diphenyl- 
methane, 65 grams of phosphorus trichloride and 5 grams of aluminium 
chloride, the yield being 10 to 15 per cent, on the weight of hydro¬ 
carbon used. It is a colourless, viscous liquid, B.pt. 221° C. at 20 mm., 
density 1*182 at 17° C., yielding a yellow, crystalline tetrachloride, 

^ Jackson, Davies and Jones, J, Cham. Soc., 1930, p. 2298. 

* Michaelis, loc. cit. 

® Michaelis, Annalen, 1896, 293 , 248. 

* Michaelis, Amvalen, 1896. 293 , 315; Lcwschinski, Jnaug. Dissert. Rostock, 1893. 

® Michaelis and Paneck, Aminlefi, 1882, 212 , 237; Michaelis, loc. cit.; Weller, Inang. 
Dissert. Rostock, 1888. 

« Weller, Bcr., 1887, 20 , 1718. 

’ Weller, Bar., 1888, 21 , 1492. 

® Michaelis, Annahn, 1897, 294 , 2; Rothe, Inaug. Dissert. Rostock, 1892. 

® Michaelis, loc. cit.; Hecker, Inaug. Dissert. Rostock, 1893. 

Michaelis, loc. cit.; Meyer, Inaug. Dissert. Rostock, 1893; Uster, Inaug. Dissert. 
Rostock, 1896. 
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M.pt. SO"* C., and an oxychloride, B.pt. 261*^ C. at 20 inin., density 
1-207.^ 

Dibenzyldichlorophosphine, C6H5.CII2.CH2.C6H4.PCI2, is a pale 
yellow liquid, H.pt. 2,50° C. at 60 mm., crystallising on cooling to 2 ° C. 
The tetrachloride melts at 65° C., and the oxychloride at 75° C. 

Diphenyldichlorophosphine, C 6 H 5 .C 6 H 4 .PCI 2 , is a viscous liquid 
which slowly crystallises at 0 ° C. and melts at 5° Its density is 
1-3098 at U‘° C. 

a-NaphthyIdichlorophosphine ,2 (\ 6 H 7 .PCI 2 , is obtained from 
mercury di-a-naphtliyl : 

2 PCI 2 -f (C\oH,)2Hg=.HgCl2 -f 2C,oH,.PCl2 
2C^oH7.PCl2 + (C,oH7)2Hg ^ llgCl2 + 2(C4oH7)2PCl 

It should be noted that arsenic and antimony trichlorides behave in 
a similar manner. A more recent method of ))reparation uses the 
Friedel-Crafts reaction, when naphthalene and phos})horus trichloride 
give a 15 per cent, yield of a-nai)hthyldichlorophosphinc.^ Chlorina¬ 
tion yields a tetrachloride, and bromine forms a dibromide melting at 
114° to 116° C. Hydrolysis of the tetrachloride gives a-naphthyl- 
phosphinic acid. 

Condensation Products obtained from Compounds of the Types 
KPCI2, RPCI4 and RPOCI2. 

Phenylphosphenphenylhydrazone, Cells-P : N.NH.CgHg.^— 
Phcnyldichlorophosphine (1 mol.) and phenylhydrazine (3 mols.) are 
allowed to react in five volumes of cooled ether, the reaction being 
complete when a test portion of the filtered liquid is free from chlorine, 
this stage being reached in about thirty minutes. The product is 
filtered, the residue washed with ether and the filtrate allowed to stand 
for several hours, vhen fine needles separate. The reaction is as 
follows 

C6H5.PCI2 -h3C6H5.NH.NH2 -C6ir5.P: N.NH.C6H5 H-2C6lI5.NlI.NH2.HCl 

The product crystallises from ethyl a(?etate as small, hard plates, 
M.pt. 152° C., easily soluble in chloroform, less soluble in alcohol or 
ether. It reduces Fehling’s solution on heating, is stable towards 
alkali, but with acids yields phenylhydrazine and phenylphosphinous 
acid ; when boiled for a long period with w^ater a complex of the two 
latter compounds separates. 

When the starting materials in the foregoing preparation are brought 
together in ether and the phenylhydrazine hydrochloride filtered off, 
the addition of water to the dry mass gives a white powder. This 
may be crystallised from chloroform, and is the dihydrazide, 
C6H5.P(NH.NH.C6H5)2. 

Phenylphosphentolylhydrazone, C^Hs-P : N.NH.C 6 H 4 .CH 3 , is 
formed when tolylhydrazine is used in the foregoing preparation. It 
forms small, colourless prisms, M.pt. 162° C., and it is split into its 
components when boiled with water. 

^ Michaelis, AnnaUn, 1901, 315, 43; Giisewell, Inaug. Dissert Mostock, 1896. 

2 Kelbe, Rer., 1878, ii, 1499. 

• Lindner and Streoker, Monaish,, 1929, 53 and 54 , 274. 

* Michaelis and Oster, Annalen, 1892, 270 , 129. 
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Phenylphosphenbenzylhydrazone, CgHg.P : N.NH.CHg.CeHg, 
crystallises in colourless needles, M.pt. 141° C., and resembles the 
preceding compounds in its properties. 

Chlorophenylphosphenphenylhydrazone, CIC6H4.P : N.NH. 
C'gHg, yields white, silky plates, melting with decomposition at 161° C.^ 

Mesitylphosphenphenylhydrazone, CgHu.P : N.NH.Cgllg, forms 
small, silky needles, M.pt. 135° C. 

Phenyldipiperidine-N-phosphine,-^ CgH5.P(NC5Hio)2, occurs 
when phcnyldichlorojdiosphinc reacts with ))iperidine in ether solution, 
the operation being eompleted by warming the mixture for two hours 
on the water-bath. The jnoduet se))aratcs as white plates, M.pt. 
78° C., having a faint odour of piperidine. It readily dissolves in 
ether, benzene or alcohol, but is insoluble in water. It combines with 
carbon disulphide forming two compounds, (a) CgH 5 .P(NC 5 lIio) 2 . 2 CS 2 , 
a yellowish-white powder, M.pt. 144° C., and (h) C 6 ll 6 .P(NC 5 Hjo) 2 .CS 2 , 
yellow needles, M.pt. 137° C. ; the latter may be extracted from the 
former by repeat(‘d crystallisation from benzene and ether. When 
the phosphine is treated with dry chlorine gas in ether solution, a 
dichloride is produced, which is deliquescent in air and is decomposed 
by water with the formation of an oxide, CgIl 5 .PO(NC 5 Hjo) 2 * 
latter is best obtained, however, by treating the oxychloride (Ce^Is* 
POCI 2 ) with piperidine (4 mols.) in ether solution; it is a white, 
crystalline, hygroscopic mass, M.pt. 68° C., soluble in alcohol or ether, 
insoluble in water or dilute hydrochloric acid, but decomposed by 
concentrated hydrochloric acid. 

Phenylditetrahydroquinoline-N-phosphine, U6ll5.P(NC9lIio)2» 
obtained from phenyldichloro])hosphine and tetrahydroquinoline, 
forms warty crystals, M.j)t. 150° C., readily soluble in benzene, sparingly 
soluble in ether or alcohol. It is stable towards water, but decomposed 
by dilute acid. The oxide, C 6 ll 5 .PO(NC 9 lI]o) 2 » erystallises as short, 
white needles, M.f)t. 216° C\, and is very stable. 

Phenylphosphinic diamide, CgIl 5 .PO(NIJ 2 ) 2 *^—T^ds compound 
is produced w^hen the oxychloride (CgHg.POUla) is treated with con¬ 
centrated ammonium hydroxide. It separates from al(*ohol as white, 
glistening scales, M.pt. 189° C., and when boiled with w^ater yields the 
ammonium salt of phenylphosphinic acid. 

Phenylphosphinic dianilide, CgH 5 .PO(NH.CgH 5 ) 2 , results when 
the ammonium hydroxide in the preceding preparation is replaced by 
aniline. It forms white needles, M.pt. 211° C. 

Phenylphosphinic anilide, Cgll 5 .PO(NH,CgIIg)OH, occurs when 
aniline hydrochloride is used in the foregoing preparation. It is a white, 
crystalline powder, M.pt. 125° C., and its chloride is formed as a by¬ 
product in the reaction. The phenyl ester, CeH 5 .PO(NH.CQH 5 )OCeH 5 , 
is obtained by the action of pure phenol on a mixture of the chloride 
and the anilide ,* it forms small, yellowish-white crystals, M.pt, 83 C., 
B.pt. 285° C. at 25 mm., from which aniline is eliminated on boiling 
with concentrated alkali. 

Phenylphosphinic phenylhydrazide, CgH6.PO(NII.NH.CfiH5)2, 
is isolated when four molecular equivalents of phenylhydrazine react 
with one molecular equivalent of the oxychloride (C0H5.POCI2). It 

^ Michaelis, Annalen, 1896, 293 , 236. 

* Michaelis, Ber,, 1898, 31 , 1037. 

* Miohaielis, Annalen, 1896, 293 , 213. 
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crystallises in white, silky needles, M.])t. 175° C., stable towards alkali 
but decomposed by acids. 

p-Tolylphosphinic diamide, C]I;,.C 6 H 4 . 1 ^ 0 (NIl 2 ) 2 . crystallises 
as white, glistening plates, M.pt. 176° C. The dianilide forms small, 
pearly needles, M.pt. 209° C. The latter, wheji treated with bromine, 
yields mono- and dibromo-anilines and p-tolyl])hos))hinic acid, and 
with alkaline potassium permanganate p-carboxyplienylphosphinic acid 
is formed. 

p-Tolylphosphinic anilide, C113.C6H4.PO(N11 .CqI15)OH, is ob¬ 
tained in a similar manner to the corresponding phenyl compound. It 
melts at 150° C., and shows decomposition when crystallised from alcohol 
or acetic acid. The copper salt is a light blue powder, and Ihc^ phenyl 
ester a viscous, highly refractive oil, B.pt. 283° C. at 48 mm., solidifying 
after long standing to a crystalline mass, M.pt. 59° C. 

p-Tolylphosphinic di-p-toluidide, CH.j.C\H4.PO(NIl.Cfill4. 
CH3)2, forms snow-white glistening needles, M.])t. 237° (’. ; the corre- 
S])onding acid, Cll 3 .CgH 4 .PO(NH.CgH 4 .Cn3)011, is a white ])owder, 
M.pt. 208° C., the phenyl ester of which melts at 48° C. and boils 
at 280° C. at 32 mm. 

p-Tolylphosphinic diphenylhydrazide, (il3.CeH4.PO(NH.NH. 

Cglls).^, crystallises as fine, matted needles, M.])t. 171° C., readily 
decomposed by acids, but not so easily by alkalis. 

p-Tolyldipiperidine-N-phosphine, CTl3.Cgll4.P{NC5Hjo)2, ob¬ 
tained in a similar manner to the corresponding ])henyl compound, 
crystallises from ether as large, monoelinic crystals, M.])t. 80° With 
carbon disulphide it gives an addition product, C 7 ll 7 .P(NC 5 lIi(,) 2 . 2 CS 2 , 
pale yellow crystals, M.pt. 139° C. 

p-Tolylditetrahydroquinoline - N - phosphine, (Tl3.Pgll4. 
P(NC 9 lIio) 2 j forms white needles, M.pt. 140° (’., s})aringly soluble in 
ether, alcohol or benzene. The corresponding oadde giv(‘s long, white 
needles, M.pt. 181° C. 

p-Carboxyphenylphosphinic amide, Nll2.( O.Cgll4.P()(OIl)2.‘'^ 

—When p-earboxyphenylphosphinic acid (1 ))art) is treated with 
3 parts of phosphorus pentaehloride, an acid chloride is produced, 
ClCO.Cgn 4 .POCl 2 - The latter in benzene solution, treated with 
ammonium carbonate or dry ammonia, gives the required amide. 
The amide is best isolated in the form of its silver salt. Treatment 
of the foregoing acid chloride with aniline gives p-carhoxyphenylphos- 
phinic anilide, CgHQ.NH.C().CgIl 4 .PO(NlI.PgIl 5 ) 2 , a white, crystalline 
product, M.pt. 242° C., only slowly affected by boiling acid or alkali. 

Pseudocumylphosphinic dianilide, C9Hj4.PO(Nn.CgIl5)2, forms 
small, white, silky needles, M.pt. 197° C., very stable towards hot 
dilute acids and alkali. The oxychloride, CgHu.POClg, when heated 
with aniline salts in xylene solution, yields a phosjjhazo-derivative, 
CgH.i.PO : N.CgHg. 

Pseudocumylphosphinic diphenylhydrazide, C9H4i.PO(NII.Nllo 
C 6 H 5 ) 2 , separates as white, glistening needles, M.pt. 208° C., and reduces 
Fehiing’s solution on warming. 

Phenyltrianilidophosphonium chloride, (Cgn5.NH)3CgIl5.PCl,® 
is formed when the tetrachloride, Cgll 5 .PCl 4 , is heated for a long time 

^ Michaclis, Ber., 1898, 31 , 1046, 

* Michaelis, Annalen, 1896, 293 , 280. 

• Michaelis and Kuhlmann, Ber., 1895, 28 , 2212. 
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with aniline hydrochloride at about 200® C. It gives blue-tiilited 
needles, M.})t. 250® C. The corresponding bromide melts at 235® C., 
the iodide at 165® C., the nitrate at 160® C., and the hydroxide at 216® C. 

ChlorophenyldliMorophosphine and piperidine condense to form a 
product of M.pt. 95® (\ The corresponding ariisyldicMoro-derivative 
melts at 69° C. and the pheyietyl compound at 84® C. These form 
])hosphonium iodides and combine with carbon disulphide.^ 

p-Tolyltrianilidophosphonium chloride, (C^ll5.NH)3C7H7.PCl, 
forms colourless, slender needles, M.pt. 245® C., and the platinichloride 
crystallises in golden-yellow plates. Sodium hydroxide converts the 
chloride into the hydroxide^ a colourless glistening powder, M.pt. 
240® C., from which a Jiitrate, M.pt. 180® C., a bromide, M.pt. 288® C., 
and an iodide, M.))t. 235® C., have been obtained. 

Pseudocumyltrianilidophosphonium chloride, (CgH5.NH)3 
(•,11,,.PCI, is a white, crystalline powder, M.pt. 247® C., from which 
the following derivatives may be isolated : bromide, a wdiite crystal¬ 
line powd(‘r, M.pt. 259® C. ; iodide, M.pt. 220® C. ; nitrate, M.pt. 224® 
to 225® C. ; hydroxide, stellate groups of needles, M.pt. 203*5® C., 
indifferent to litmus. 

p-Tolylphosphinic phenyl ester, CH 3 .C 6 pl 4 .PO(OC 3 H 5 ) 2 ,^ is 
obtained from one molecular j)roportion of the oxychloride, C 7 H 7 .POCl 2 > 
and two molecular ])roportions of phenol at 120® to 130® C. It is a 
viscous liquid ha\'ing a bluish fluorescence and boiling above 360® C. 
VVater decomposes it into jDhenol and p-tolylphosphinic acid. When 
only one ])roportion of })heno] is used in the preparation, an ester chloride 
results, PH.j.(\ 5 H 4 .POC 1 (OC 3 H 5 ) ; this is a wdiite, crystalline mass, 
M.])t. 55® (\, Il.])t. above 360® C. The free acid is unknown, but a 
silver salt has been isolated, together with the following derivatives : 
an amide, CTI3.PqH4.PO(NII2)(OC3II5), M.})t. 115® to 116® C. ; a 
phenylhydrazide, CH 3 .CgH 4 .PO(OC 6 H 5 )(NH.NH.C 3 ll 5 ), small white 
needles, M.pt. 173® to 174® C. ; a piperidide, CH 3 .CgH 4 .PO(OCQH 5 ) 
(N( gHjo), a viscous yellow oil ; a p-cresyl ester, (Tl 3 .CeH 4 .PO(C)C 7 H 7 ) 2 , 
a viscous li(iuid, B.pt. above 360® C., yielding an ester chloride, M.pt. 
60® C. ; a pyrocatechol ester, M.pt. 81® C., B.pt. above 360® C., its ester 
chloride being a thick, colourless liquid, B.])t. above 360° C. 

Pseudocumylphosphinic diphenyl esjter,^ C9Hi4.PO(OC^15)2, 
is produced either by the action of sodium phenolate on the oxy¬ 
chloride (CgHjj.POClg) or from phenol and the tetrachloride (C 9 II 1 J, 
P( 14 ). It is a viscous, colourless liquid, B.pt. above 360® C., density 
1*172 at 15® C. After standing for some months it becomes solid, 
M.pt. 62*5® C., and is stable to dilute alkali but saponified by alcoholic 
alkali. 

Compounds of the Types RgPX and RRTX. 

These types of phosphines may be obtained by the interaction of 
aryldichlorophosphines and mercury diaryls or arylmerciiric halides : 

RPCU + RgHg - R2PCI + RllgCl 
RPCI2 + RHgCl == R2PCI 4 HgCia 


^ Michaclis, Her., 1898, 31 , 1037; Rocher, Ituiug. Dissert. Rostock, 189G. 
2 Michaelis, Annalen, 1896, 293 , 213. 

* Michaelis, ibid., 1897, 294 , 8 . 
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In the ease of dij>seiuioeuniyIchlorophos})hine, it o(^eurs during tiie 
f)reparatioii of tJie primary phosphine. All the eonipounds are high- 
boiling, viscous liquids, wlii(‘h may be oxidised to the corresponding 
phosphinie acids, Treatment with chlorine converts 

them into trichlorides, HgRf'la, which are readily decomposed by 
water yielding phosphinie acids. In sev(‘ral cases oxychlorides are 
known. 

A number of interesting condensation products may be isolated 
from diarylchlorophospliines, of which the following is an example : 
Di])henylchlorophos-[)hijie and sodium ethoxide react to form ethyl 
diphenylphosphinite, (Cgll 5 ) 2 P.OC 2 H 5 , the by-product in this reaction 
being ethyl diphenyl])hosphinate, (C'gH 5 ) 2 PO.OC 2 H 5 . Under the cata¬ 
lytic* influence of ethyl iodide at the ordinary temperature the phos- 
phinite is transformed to ethyldiphcnylphos])hinc oxide, (C 2 ^^ 5 ) 
(CgH 5 ) 2 PO. If the sodium ethoxieJe be replaced by sodium mercaptide, 
ethyl diphenylthiophos])hinite results, (CgIl 5 ) 2 P.Sr 2 H 5 > the by-product 
being ethyl diphenyloxythiophosphinate, (CgH 5 ) 2 PO.SC 2 H 6 . In some 
cases under the catalytic action of alkyl iodides the thiopluxs])hinites 
are transformed to sulphides, e.g. m^propyl diphenylthio{>hosphinite 
gives uopropyldiphcnyl])hosphine sulphide, (C 3 ll 7 )(CgH 5 ) 2 PS. 

Diphenylchlorophosphine, (CgIi 5 ) 2 PCl.—Mercury dqdieiiyl, 35 
grams, and 30 grams of phosphenyl chloride are heated together at 220° 
to 230° C., the mass extracted with benzene and filtered. The solvent 
is removed and the residue fractionated, the pure product distilling 
at 320° C. and having a density of 1*2293 at 15° C. It is a viscous oil, 
only slightly attacked by water, but exposure to the air or boiling with 
concentrated nitric acid oxidises it to diphcnylphosphinie acid. Treat¬ 
ment with chlorine gives a trichloride^ (CeIl5)2PCl3, readily decomposed 
by water. ^ 

Di-p-tolylchlorophosphine, (CH 3 .CgH 4 ) 2 PGl, is a colourless oil, 
13.pt. 345° to 350° (\, yielding a pale yellow trichloride and an oory- 
chloride in the form of a viscous oil boiling above 360° C. 

Di-p-tolylthiochlorophosphine, (CH3.C6H4)2PSC1.2 — Toluene 
(200 to 250 grams), 200 grams of phosphorus sulphoehloride and 30 
grams of aluminium chloride are heated together in an oil-bath, first 
at 126° to 130° C., then at 180° C. until the evolution of hydrogen 
chloride ceases. The dark brown liquid is shaken with petroleum ether 
and after twelve hours the solvent is distilled off, the residue heated to 
126° C. to remove phosphorus sulphoehloride, then shaken many times 
with petroleum ether. The pale yellow solution is poured off from the 
black residue and yellow crystals separate. Crystallisation from acetic 
acid gives white needles, M.pt. 96° C. The mother-liquors contain 
primary and secondary p-tolylthiochlorophosphines. 

Dipseudocumylchlorophosphine, [(CH3)3CeH2]2PCl,3 is formed 
together with the primary phosphine when aluminium chloride is 
used as a catalyst in the interaction of phosphorus trichloride and 
p^mdocumene, but the product is difficult to isolate in a pure state. 
The boiling-point is 305° C., and chlorine reacts with the crude product 
yielding a mixture of trichlorides^ which when treated with water give 
a mon^asic add, M.pt. 212° C., and a dibasic acid, M.pt. 203° C. 

^ Michaelis, Ber., 1877, lo, 627; Michaelis and Link, Annalen, 1881, 207 , 193. 

* Michaelis, Annalen, 1901, 315 , 64. 

• Michaelis, loc» cit 
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Phenyl-p-tolylchlorophosphine, (C8H5)(C7H7)PC1,^ may be pre¬ 
pared as follows : (1) Phenyldichlorophosphine, 78 grams, and 60 

grams of ^-tolylmercuric bromide are heated together in a flask at 
270° C. for two to three hours. A reflux condenser is then attached 
to the flask and through this a stream of carbon dioxide is circulated. 
The reaction is very vigorous at first; after its completion the mass 
is cooled, extracted with benzene, the extract filtered and fractionally 
distilled. The product boils at 230° to 240° C. at 100 mm., the yield 
being 30 grams, or 63-5 per cent. (2) jj-Tolyldichlorophosphine, 30 
grams, and 35 grams of mercury diphenyl are heated together for tw^o 
hours at 270° C., and after cooling, the mass is treated with dry benzene, 
the extract filtered and fractionated in a carbon dioxide atmosphere. 
Phenyl-j:>-tolylchlorophos})hine is a vile-smelling, colourless liquid, 
which yields a bright yellow crystalline trichloride when treated with 
chlorine. 

Phenylpseudocumylchlorophosphine, (C! 6 n 5 )(C 9 li,^)PC 1, occurs^ 
in 25 to 80 per cent, yield wlicn 40 grams of mercury diphenyl and 30 
grams of p^ewdecurnyldichlorophosphine react together. The product 
boils normally at 356° C. or at 208° C. at 10 mm. The trichloride 
crystallises in light yellow flakes, and the oxychloride is a liquid, B.pt. 
210° to 215° C. at 10 mm. 

Diphenylbenzylphosphine dichloride, ^ (C 9 li 5 )a(C 7 H 7 )PCl 2 , is 
formed when diphcnylchlorophosphine is heated at 180° C. with an 
excess of benzyl chloride. It melts at 187° C., is insoluble in ether and 
benzene, and is quickly decomposed by alcohol or water to diphenyl- 
henzylphosphine oxlde^ (C 9 ll 5 ) 2 (U 7 H 7 )PO, consisting of small white 
prisms, M.pt. 195° to 196° C. It is interesting to note that under 
similar conditions triphenylphosphine dichloride forms the dihydroxide. 
Nitration of the oxide by mixed acid yields triniirodiphemjlbenzyl- 
phosphine oxide, (C 6 H 4 .NC) 2 ) 2 ((\He.N 02 )PO, colourless crystals from 
acetic acid, M.pt. 206° C., reduced by tin and hydrochloric acid. 

Condensation Products from Compounds of the Ty^ye ligPX. 

Ethyl diphenylphosphinite, (CgHB^gP.OCgHg,^ is formed when 
diphenylchlorophosphine in ether solution is treated with sodium 
ethoxide. The j^roduct is a transparent liquid, B.pt. 179° U. at 14 mm., 
density 1*0896 at 0° C. It forms an additive compound with copper 
iodide, M.pt. 190° to 191° C. Under the catalytic inllucnce of ethyl 
iodide at ordinary temperature it is transformed into ethyldiphenyl- 
phosphine oxide. During the preparation of the phosphinite some 
ethyl diphenylphosphinate, (CgH 5 ) 2 PO(OC 2 H 5 ), is obtained as a by¬ 
product. 

Ethyl diphenylthiophosphinite, (CgH5)2P.SC2H5/ is the con¬ 
densation product of diphenylchlorophosphine and sodium ethyl 
mercaptide. It is a liquid, B.pt. 196*5° to 197° C. at 13 mm., density 
1*1330. It gives double salts with copper halides. The by-product in 

^ Michaelis, Annalen, 1901, 315 , 59; SOchtig, Inawj, Dissert. Rostock., 1894; Wedekind, 
Ber.y 1912, 45 , 2933; Pope and Gibson. Trans. Chem. Soc,, 1912, loi, 735; Radcliffe and 
Brindley, Chemistry and Industry, 1923, 42 , 64. 

* Michaelis, Ber., 1877, xo, 627; Michaelis and Link, loc. cit, 

® Ddrken, Ber,, 1888, 21 , 1506. 

* Arbusoff, J. Russ, Phys, Chem. Soc,, 1910, 42 , 396. 

* Arbusoff, ibid,, p. 549. 
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this preparation is ethyl diphenyloxythiophosphinate, (CgH 5 ) 2 PO.SC 2 H 5 , 
M.pt. 72*" to 78° C. 

isoPropyl diphenylphosphinite, (Cfin5)2P.OC3H7, boils at 160° C. 
at 8 mm., has a density of 1-0925 at 0 ° C., and forms a crystalline 
additive compound with copper iodide, M.pt. 114° to 115° C. isoPropyl 
diphemjlphosphinate, (CgH 5 ) 2 PO.OC 3 H 7 , M.pt. 95° to 96° C., is formed 
as a by-product. 

isoPropyl diphenylthiophosphinite, (C 6 H 5 ) 2 P.SC 3 II 7 , occurs 
only in small quantity when diphenylchlorophosphine reacts with 
sodium isopropyl merca})tide. It boils at 229° to 280° C. at 28 mm., and 
rapidly isonicrises under the influence of ?'. 9 opropyl iodide to wopropyl- 
di})henylphosphine suljflude. 

isoButyl diphenylphosphinite, boils at 202 ° 

to 203° C. at 11 mm., has a density of 1*0811 at 17° C., and forms a 
crystalline additive compound with copper iodide. In its preparation 
isohutyl di])henylphosphinate, ((!gH 5 ) 2 PO.OC 4 ll 9 , M.pt. 77° C., is the 
by-product, together with a little diphcnylphosphinic acid. 

isoButyl diphenylthiophosphinite, (C 6 H 5 ) 2 P.SC 4 H 9 , from sodium 
7>obutvl rnercaptidc and diphcnylchloro])hosphine, is a colourless liquid, 
B.pt. 200-5° to 201 ° C. at 8 mm., density 1-0892 at 0 ° C., forming an 
additive compound with copper iodide. Under the catalytic influence 
of isobutyl iodide at 115° C. it yields i 6 ‘obutyldiphenylphosphine 
sul])hide. 

isoAmyl diphenylthiophosphinite, ((' 6 ^ 6 ) 2 ^* 8151111 , is a liquid, 
B.pt. 219° to 220 ° C. at 12 mm., density 1-0645 at 17° C. 

Ethyl phenylethylphosphinate, (C6H5)(C2H6)PO.OC2H£i, is 
formed by the isomerisation of diethyl phenylphosphinite under the 
catalytic influence of ethyl iodide. It boils at 162° to 164° C. at 16 mm., 
and on hydrolysis forms ethylphenylphosphinic acid, M.j)t. 79 ° to 80° U. 

Compounds of thk Type RPOg. 

This type of oxide has no parallel in the arsenical compounds. 
The compounds are prepared by heating dried aryl})hosphinic acids 
with the corres)>onding oxychlorides : 

CgHg.PO(OH)2 +CeIl5.POCl2 ==2CgHg.P02 + 2H( 1 

They may also be obtained by dehydrating arylphosphinic acids by 
means of phosphorus pentachloride, but the resulting products are 
not so crystalline as those obtained by the former method. All the 
compounds are crystalline solids, water converting them into the 
corresponding acids. 

Phenylphosphinoxide,^ 



Seven grams of phenylphosphinic acid are dried and heated with 12 
grams of the corresponding oxychloride, CgHg.POClg, in a reflux 
apparatus until the evolution of hydrogen chloride ceases, when the 
product is washed with cold benzene and then taken up in warm benzene. 
The solution is first frozen, then carefully thawed, and the solvent 

1 Kohler and Michaelie, Ber., 1877, 10 , 807; Michaelis and Kothe, Ber., 1892, 25 , 
1747. 
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poured off, the residue being dried at 70° C. in a stream of carbon 
dioxide. The resulting product is a white, crystalline powder, M.pt. 
100 ° C., readily soluble in benzene. Exposure to moist air converts 
it into phenylphosphinic acid. If the latter acid be dehydrated by 
means of phosphorus pentachloride, the oxide produeed is not so 
crystalline as that isolated by the previous method. 

Chlorophenylphosphinoxide, ClCgH^.POg, is readily formed 
when the dry phos])hinie acid is heated with the oxychloride in dry 
benzene for two hours. It is a white, glistening, crystalline powder, 
M.pt. 211 ° C., soluble in hot benzene and readily transformed to the 
acid by water. 

Bromophenylphosphinoxide, I3rCgn4.P02, is a white powder, 
M.pt. 18,5° to 18G° C., only sparingly soluble in benzene. 

p-Tolylphosphinoxide, CH3.CgH4.PO2, has similar properties to 
the })henyl compound and melts at 101 ° C. The corresponding o-tolyl- 
compound crystallises in compact prisms, but no melting-point is 
recorded. 

p-Anisylphosphinoxide, CH3O.CgH4.PO2, is a white powder, 
M.pt. ,52° C., readily soluble in benzene but insoluble in petroleum 
ether ; it fumes in the air and is ejisily converted into the acid.^ 

Pseudocumylphosphinoxide, C9H,,.P02, crystallises from ben¬ 
zene in small leaflets or prisms, M.pt. 210° C., and is less readily attacked 
by water than the phenyl and tolyl compounds.^ 

Mesitylphosphinoxide, Cglijj.POg, forms very small crystals 
melting with decomposition at 21.5° to 210 ° C. 

Diphenylmethanephosphinoxide, Cj^Hi^.POg, prepared from the 
acid and oxychloride in the usual manner, is a snow-white powder, 
M.pt. 109° ('., soluble in hot benzene or chloroform. Water slowly 
conv^erts it into the phosphinic acid.^ 

Thiarylphosphine Oxides and Sulphides. 

Unlike the tertiary arsines, the tertiary phosphines do not yield 
stable dihalides of the type RgPXg,^ these being obtained only as 
syrups which yield dihydroxides on treatment with alkalis. Dehydra¬ 
tion of the dihydroxides over sulphuric acid gives the oxides, R 3 PO. 
Nitration of the triaryIdihydroxides by mixed acid yields trinitro- 
triarylphosphine oxides, which may be reduced to amino-oxides in the 
usual way. Solution of triarylphosphines in fuming nitric acid forms 
dinitrates, R 3 p(N 03 ) 2 , which may be transformed into hydroxy- 
nitrates by prolonged standing over lime and concentrated sulphuric 
acid. Compounds containing the benzyl radical arc obtained by special 
methods. 

The triaryl phosphine oxides are solids, and those which do not 
contain nitro- or amino-groups substituted in the benzene ring jdeld 
double salts with many metal chlorides, such derivatives having well- 
defined crystalline forms. 

Triarylphosphines in carbon disulphide or ether solution dissolve 
sulphur to give crystalline sulphides. 

* Michaelis, Annahn, 1896, 293 , 254. 

2 Michaelis and Rothe, loc. cit.; Michaelis, Annalm, 1897, 294 , 8 . 

* Michaelis, Annalen, 1901, 315 , 45. 

* A possible exception is trip^eWocumylphosphine, which forms a relatively stable 
dibromide. 
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Triphenylphosphine dihydroxide, (C 8 H 6 ) 3 P(OH) 2 . - If bromine 
be added to triphenylphosphine, a thick syrup is obtained which decom¬ 
poses on the addition of sodium hydroxide with formation of the 
dihydroxide: ^ 

(C 8 H 5 ) 3 PBr 2 + 2Na011 - (CeH 5 ) 3 P(OIl + 2NaBr 

The bromine may be replaced by chlorine or the phosphine in con¬ 
centrated hydrochloric; acid can be treated with potassium chlorate. 
The diliydroxide crystallises from benzene-petroleum ether solution 
in lon|?, thin, white prisms, M.pt. 148° C., insoluble in water, soluble in 
al(‘()ho]. 

Triphenylphosphine oxide, (CqH5)3PO, results when the di- 
hydroxide is dried over sul})hurie acid or heated to 100° with water. 
It melts at 153-5° C. and boils above 360° C. without decomposition. 
It forms the following double salts : ^ Triphenylphosphine oxide 
hydrogen ferrocyanide, 2 (C 6 ll 5 ) 3 PO.H 4 Fe(CN) 6 , small, colourless needles, 
turning green on exposure to light, insoluble in water; triphenyl¬ 
phosphine oxide hydrogen cobalticyanide^ (C'8H5)3PO.H3Co(CN)e.3H20, 
transparent, indefinite, prismatic- crystals, M.pt. 172° C. ; tripheny}- 
phosphine oxide hydrogen aurichloride, 2 (CqH 5 ) 3 PO.AuC 14 , flat, yellow, 
hexagonal plates, M.pt. 179° C. ; triphenylphosphme oxide trichlor- 
acetate, (C 8 H 5 ) 3 P 0 .C( 13 C 00 II, colourless, rhombic crystals, M.pt. 97° to 
99° V. ; triphenylphosphine oxide hydrogen chloride, (C 6 H 5 ) 3 PO.HCl, 
white, cubic crystals, M.])t, 185° C.; triphenylphosphine oxide cadmium 
iodide, 2(C8ll5)3PO.Ckil2, stout, white prisms, M.pt. 192-5° C. ; tri¬ 
phenylphosphine oxide zinc chloride ancl zinc iodide, general formula, 
2 (C 8 H 5 ) 3 pO.ZnX 2 , the chloride crystallising as small colourless prisms, 
the iodide as small, colourless rhombs, M.pt. 223° to 226° C. ; tri- 
phenylphosphine oxide cohalt chloride, 2 ( 03115 ) 31 ^ 0 .CoClg, deep blue, 
cubic crystals, M.pt. 233° 0. 

Tri-m-nitrotriphenylphosphine oxide,^ 



L NO2 


5 grams of triphenylphosphine dihydroxide are added to a mixture 
of 10 grams of nitric acid and 25 grams of concentrated sulphuric acid 
maintained at 15° to 20° (X The clear solution is poured into cold 
water, the precipitate removed, washed with water and boiled with 
alcohol, a heavy crystalline powder resulting. Purification is effected 
by boiling with acetic acid and adding four volumes of alcohol to the 
cooled solution, faint yellow needles separating, which become white 
on repeated recrystallisation. The yield is 85 to 90 per cent. The 
compound melts at 243° C., explodes at higher temperatures, dis¬ 
solves readily in hot acetic acid, but is insoluble in the usual solvents. 

Tri-m-aminotriphenylphosphine oxide, (C8H4.NH2)3PO. —To 
a mixture of 30 parts of tin and 100 to 150 parts of concentrated 
hydrochloric acid, 10 parts of the preceding nitro-derivative are slowly 
added and the mixture warmed until the tin dissolves and the nitro- 

1 Micha^lis and Gleichmann, Her., 1882, 15 , 801; Michaelis and Soden, Annalen, 1885, 
229 , 295; Her., 1884, 17 , 921. 

’ Pickard and Kenyon, Trans. Chem. 80 c., 1906, 89 , 262. 

» Michaelis and Soden, Her., 1884, 17 , 921. 
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compound disappears. The reaction mixture is then diluted with 
water, treated with hydrogen .sulphide to remove the tin, and after 
filtration an excess of sodium hydroxide added to the filtrate. The 
white precipitate is washed with water and crystallised from boiling 
alcohol, snow-white prisms, M.pt. 259° C., being obtained ; these are 
soluble in hot water or acetone, and form salts with acids, these salts 
dissolving in water. Neutral solutions of the salts yield yellow pre¬ 
cipitates with platinic chloride. The acetyl derivative melts at 187*5° C., 
and the benzoyl derivative at 180° C. The base with bromine water 
gives a white precipitate having the composition [C<jH 2 Br 2 (NH 2 )] 3 PO, 
M.})t. 205° to 200° (\, and methylation of the base by methyl iodide 
in a sealed tube at 100° C. gives the base [CgH 4 .N(CH 3 ) 2 ] 2 PO(C 6 H 4 .NH 2 ), 
white needles, M.j)t. 182° to 186° (\ 

Triphenylphosphine dinitrate, (C(^H 5 ) 3 P(N 03 ) 2 .—Triphenyl- 
phosphine dissolves in fuming nitric* a(*id with evolution of heat, and 
th(i mixture, when poured into water, yields a yellow oil wliich gradually 
solidifies and crystallises. The product appears to be a mixture of the 
dinitrale and dihydroxide and changes completely into the latter on 
standing in air. Evaporation of the fuming nitric acid solution on 
the water-bath gives the nitrate as a yellow crystalline mass. After 
standing for eight days over lime and concentrated sulphuric acid, the 
nitrate is transfoi’ined into the hydroorynitrate, (CgH 5 ) 3 P( 0 II)N 03 , M.pt. 
75° C. Nitration of the phenyl group cannot be (‘ffccted by fuming 
nitric acid alone, but takes ])lace wdicn a mixture of nitric and sulphuric 
acids is used. 

Triphenylphosphine sulphide, (CgH 5 ) 3 PS.^ -Tri])henylphosphine 
in carbon disuly)hidc solution combines directly with sulphur to yield 
the sulphide, and thiocyanic acid or thiocyanogen also gives some 
sulphide when it reacts with the phosphine.^ The sulphide crystallises 
from alcohol in long, brilliant needles, M.pt. 150° to 151° C., readily 
soluble in alcohol, benzene, chloroform or carbon disulphide, insoluble 
in water or ether. 

Triphenylphosphine sulphide and diphenylketene in molecular pro¬ 
portions react to form triphenylphosphine oxide and thioketene.® 

Triphenylphosphine selenide,^ (CgIl 5 ) 3 PSe, melts at 183° to 
184° C. 

Tri-p-tolylphosphine oxide, (CH 3 .C 6 ll 4 ) 3 PO, crystallises from 
benzene-ligroin as small needles, M.})t. 145° C. ; the sulphide and 
selenid^ both crystallise in needles, melting at 182° C. and 189° C. 
respectively. 

Chlorophenyldi - p - tolylphosphine oxide, (C 1 C 6 H 4 )(CTI 3 . 
CgH 4 ) 2 PO, separates as long, bushy needles, M.pt. 180° C., the corre¬ 
sponding selenide as short, wdiite needles, M.pt. 172° C., and the sulphide 
as small, white crystals, M.pt. 149° C, Oxidation of the oxide by 
chromic oxide and acetic acid gives the dicarhoxy-acid, (CIC 6 II 4 ) 
(COOH.CgH 4 ) 2 PO.OH, as white plates. 

p - Tolyldipiperidine - N - phosphine oxide,® (0113.0^114) 
(N 06 Hjo) 2 BO, crystallises in white, hygroscopic needles, M.pt. 60° C., 
and the corresponding sulj)hide is very stable, melting at 88 ° 0. 

^ Michaelis and Gleichmann, i?er., 1882, 15 , 801. 

* Challenger, Smith and Paton, Trans, Chpm. Soc., 1923, 123 , 1046. 

® Staudinger, Rathsam and Kjilsberg, Helv. Chim. Acta^ 1920, 3 , 863. 

* Michaelis and Soden, /or. cit, 

® Michaelis, Rer., 1898, 31 , 1037. 
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Tribenzylphosphine oxide, (CgH 5 .CH 2 ) 3 PO.—Benzal chloride at 
130"^ C. is treated with phosphonium iodide in small (quantities, when a 
violent reaction ensues ; the whole operation is conducted in a carbon 
dioxide atmosphere. A resinous mass results and this is decomposed 
by heating with water or alcohol. ^ The reaction is represented by the 
following equations :— 

C ellB-CHCla + 2PH4I - VJl^.CU^Cl -h 2Pn3 +1. + H( 1 
;3( ells.CHgC 1 +PI13 +12 = (CeHs.CHO^Plo +3I1CI 
(C\,H,.CH 2 ) 3 Pl 2 + IloO ^ (L\n,Xn\l),VO + 2 HI 

The oxide also occurs as a by-product when ])hos])honium iodid(‘ and 
benzakh'hyde are digested together for four to five hours at 100 " 
the following equation indicating the (*ours(' of the reaction : 

2 PII 4 I -)-4C JI 5 .CHO gH^.C Ho.PO(OII)o + (C glls-C H 2 ) 3 P 0 + 2 III 

The oxide crystallises from alcohol as white, transparent needles, 
M.pt. 213° C., soluble in ben/.cne, eth(T and chloroform, and subliiTiing 
without decomposition.^ It is vc^ry stabl(‘ and is unacted upon by 
rediuing agents such as hydrogen iodide or sulphur dioxide. Its 
alcohol solution yields double salts with metal chlorides, the following 
being known : With palladkmi chloride, | (C^lI-l^POJ^.PdCloj « brownish- 
red mass; with ferric chloride, [(C 7 H 7 ) 3 P()| 3 . 2 Fe('l 3 , light y(*llow 
})risms ; with mercuric chloride, ((C 7 H 7 ) 3 PO] 3 .HgCl 2 > colourless ])risms 
or pyramids ; with colmlt chloride, [(C7H7)3P()j3.CoCl2» needl(*s ; 

with platinic chloride, [(C 7 ll 7 ) 3 PO) 4 .H 2 PtClg, yellow needles,'^ M.pt. 
240° to 241° C. ; also with hydrogen chloride, ((' 7117 ) 31 ^ 0 . 11 ( 1 , M.])t. 
169° C., is formed with gas evolution, solidifying and rcmelting at 
208° to 210 ° C. ; with chloroauric acid, [(('7117)31*012.1^11(14, flat, 
yellow, hexagonal plates, M.qit. 222*5° V. ; with magnemmn methyl 
iodide, [( 07117 ) 3 POj 2 .CIT.{MgI, small, colourless needles or prisms, 
M.pt. 163° to 166° C. 

Tri-p-nitrotribenzylphosphine oxide, (C 7 Hj>.N 02 ) 3 P 0 ,^ is 
formed by nitration of the foregoing oxide with nitric acid (density 1*5) 
at 0 ° C. It separates from dilute acetic acid as colourless needles, 
M.pt. 273° C., sparingly soluble in chloroform, acetone, benzene or 
alcohol, insoluble in light petroleum. Oxidation with 2 per cent, 
alkaline permanganate solution gives j 9 -nitrobcnzoie acid. 

Tri-biphenylphosphine oxide,® (CgH 5 .C 6 H 4 ) 3 PO, is prepared by 
treating the phosphine with bromine in ether, and heating the oily 
dibromide obtained in the presence of air. It also occurs when tri- 
biphenylbenzylphos})honium bromide reacts with alcoholic })otash. 
It crystallises from alcohol containing a little ammonia in Hat, needle¬ 
like crystals, M.pt. 233° to 234° U. 

Tri-m-xylylphosphine oxide, (C 8 H 9 ) 3 PO, has been described, 
but no melting-point is given. The corresponding sulphide forms 
prisms, M.pt. 167° C. 

^ Fleissner, Her., ] 88 (), 13 , 1666. 

® Litthauer, Ber., 1889, 22 , 2144. 

^ Fleissner, loc. cit. 

* Pickard and Kenyon, Trans. Ghem. Soc., 1906, 89 , 262; compare Fleissner, loc. cit.\ 
Letts and Collie, Trans. Roy. Soc, Edin., 1888, 30 , pt. i, 181. 

^ Challenger and Peters, J. Ghem. Soc., 1929, p. 26i0; compare Collie, Trans, Ghem. 
iSoc., 1889, 55,223. 

® Worrall, J, Amer, Ghem, Soc,, 1930, 52 , 2933. 
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Tri-p-xylylphosphine oxide, (CgH^)^VO, melts at 173° C., and 
the corresponding sulphide at 170° C. 

Tripseudocumylphosphine oxide, (C 9 riji) 3 PO, yields prisms, 
M.pt. 222° C., and the sulphide melts at 192° C. 

Mixed Piiospifine Oxides and Sitlpiudes. 

Two tyj)es of mixed ydiosphine oxides arc known, namely, 
AlkArgPO and AlkgArPO. The former may be obtained by the action 
of heat on alkyltriaryl})hosphonium hydroxides, e.g. 

(CeIl5)3P(CH3)OH = (CeH,)g(CH3)PO + 

or by treating diaryhihlorophosphines with sodium alkoxides. Another 
important method of producing these oxides is based on the fact that 
alkyl diaryljihosphinites under the <*atalytie influence of alkyl iodides 
undergo isomerisation to alkyldiaryljihospliine oxides : 

ArgP.OAlk - - > Alk.Ai gPO 

Tlie oxides AlkgArPO are obtained by oxidation of the corres]i)onding 
phosjihines or heating tlie })hos))honium hydroxides. 

Dialkylarylphos})hines in (*arbon disul])hide or ether solution dissolve 
sul})hur with tlie formation of siilyihides, which are crystalline solids. 
Alkyldiarylphosphiue sulphides are obtained in a similar manner to 
the corresponding oxides by isomerisation of thiojdiosphinitcs, RgP.SR', 
under the catalytic influence of alkyl iodides : 

ArgP.SAlk - -> AlkArgPS 

Methyldiphenylphosphine oxide, (CIl 3 )(C 6 H 5 ) 2 PO, may be 
isolated by the reactions indicated in the following equations :—^ 

2 (C eH5)3P(C ll3)I t AggO f HgO ^2(C3H5)3P(CH3)0H +2AgI 

(( „H,)3l’((’H,)()H ^ (C ,;H,),CIl3.PO 4 C3H3 

An a(pieous solution of methyltriphenylfihosphonium iodide or chloride 
is treated with freshly jirecipitated silver oxide and boiled with water 
until a liltered test portion of the solution shows no turbidity with 
silver nitrate. The mixture is then entirely filtered and the filtrate 
evaporated to dryness on the water-bath. The residue is extracted with 
ether, the solvent removed and the product crystallised from ether, 
prisms resulting, M.pt. 110° to 111° C. The oxide has also been pre¬ 
pared by the interaction of diphenylchlorophosphine and sodium 
methoxide,^ w^hen it melts at 109° to 110° C., methyldiphenylphosphine 
occurring as a by-product. When obtained by heating an alcohol 
solution of mcthyltribiphenylphosphonium iodide with moist silver 
oxide, it crystallises in needles, M.pt. 223° to 224° C.® 

Ethyldiphenylphosphine oxide, (C 2 H 5 )(CeH 5 ) 2 PO, occurs when 
the phosphonium compound is treated with silver oxide as before, 
or can be obtained from ethyl diphenylphosphinite, (C 9 ll 5 ) 2 P.OC 2 ll 6 » 
under the catalytic influence of ethyl iodide at room temperature. 
It separates from boiling ether in colourless, glistening prisms, M.pt. 
121 ° C. 

^ Michaelis and Soden, Anmlm, 1885, 229, 295. 

* ArbusofF, *7. Rusa, Phys. Ckem, Soc.f 1910, 42, 395. 

* Worrall, J, Amer. Chem, Soc., 1930, 52, 2933. 


VOL, XI. : III, 


7 



98 OEGANOMETALiLIC COMPOUNDS. 

isoPropyfdiphenylphosphine oxide, (C 3 H 7 )(CeH 5 ) 2 PO,^ crystal¬ 
lises in prisms, M.pt. 145° to 146° C., and is formed quantitatively 
by healing r.vopropyl diphenylphosphiiiite with uopropyl iodide at 
115° C. 

isoButyldiphenylphosphine oxide, (C 4 ll 9 )(Cgn 5 ) 2 PO.—i.9oButyl 
diphcnylphosphinite, when heated at 120° C. with is‘obutyl iodide, is 
isomerised to the oxide, which forms needles, M.pt. 187-5° to 188° C. 

isoAmyldiphenylphosphine oxide, {C5Hii)(Cgn5)2PO,2 separates 
from boiling water as small, vStellatc groups of needles, M.pt. 96° to 
97° C. 

Dimethyl-p-tolylphosphine oxide, (CIl 3 ) 2 (Cn.j.CgH 4 )PO.®“ The 
p}iosj)hine is suspended in a large bulk of water and treated with the 
calculated quantity of mercuric oxid(‘, the latter soon becoming reduced 
and the odour of [)hosphine appan-nt. After liltering and evaporating, a 
yellow' oil remains, whi(‘h crystallises to a stellate, hygroscopic mass, 
M.})t. 95° C. This oxide is not attacked by fuming nitric acid, but a 
mixture of one })art ol* eone<mtrated nitric acid and two ])arts of con¬ 
centrated sul])huric acid causes nitration to o(‘(‘ur ; the nitrated ])ro- 
duci is diluted witli water, partially neutralised with sodium hydroxide, 
the neutralisation being completed by sodium carbonate ; evaporation 
to dryn<‘ss and extraction of the residue with alcohol then yields an 
oil wdiieh deposits yellow' prisms, M.pt. 175° (\, when dried over sul])hurie 
acid. This nitro-comjwund is soluble in water, alcohol or acetic acid, 
but insoluble in ether, benzene and carbon disulphide ; it yields a 
mercuruMoride, consisting of white needles, M.pt. 127° C\ 

Dimethyl-p-carboxyphenylphosphine oxide, (CH 3 ) 2 ((T)OIl. 
C6H4)P0, occurs when the foregoing oxide is oxidised by alkaline 
potassium permanganate in the usual manner. It forms colourless 
crystals, M.pt. 240° (\, B.pt. above 300° C. at 15 mm., readily soluble 
in water, alcohol or acetic acid, insoluble in ether or benzene. The 
corresponding mercurichloride separates from hot w^ater as w^hite needles, 
M.pt. 154° V. ; the aurichloride yields shining, colourless, rhombic 
jdates ; the 2 Aatinichloride crystallises as hard, rhombic plates, M.]>t. 
234° C. ; the amnioniuni salt is de])osited from alcohol-etlier as needles, 
melting with decomposition at 212° C. ; the silver salt forms small, hard 
crystals, and the co^jper salt is a blue-green powder. Equimoleeular 
proportions of the oxide and phos]>horus pentachloride give an acid 
chloride, (CH 3 ) 2 (ClCO.CgH 4 )PO, not obtained pure enough for analysis, 
but yielding an anilide, (CH 3 ) 2 (CeIi 5 .NII.CO.C’ 6 ll 4 )PO, which separates 
from 30 per cent, alcohol in pearly plates, M.pt. 235° C. 

Diethylphenylphosphine oxide, (C 2 H 5 ) 2 (C 6 H 5 )PO,^ melts at 55° 
to 56° C., B.])t. above 360° C. It deliquesces on exposure to the air. 

Diethyl-p-tolylphosphine oxide, (C 2 ll 5 ) 2 (^'H 3 .Cgll 4 )PO,® melts 
at 74° C., and yields a mercurichloride, M.pt. 135° C. 

Diphenylhenzylphosphine oxide, (CgIIg) 2 (CgH 5 .(!Il 2 )PO,® ob¬ 
tained from diphenylchlorophosphine and sodium benzyloxide, melts 
at 192° to 193° (!. 

Diethylbenzylphosphine oxide, (C 2 H 5 ) 2 (C 6 H 5 .CH 2 )PO, occurs 

^ Arbiisoff, Zee. cit, 

® Micliaelis and 8 odcn, loc. cit. 

® Michaelis, Annahn, 1896, 293 , 283; Miething, Imiug. Dissert. Rosloch, 1896. 

* Michaelis and Ananoif, Ber., 1874, 7 , 1688; Michaelis, loc. cit. 

® Michaelis, loc. cit., p, 236. 

^ Arbusoff, he. cit. 
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when diethylbenzylphosphine is oxidised by exposure to the air or 
treatment with nitric acid. The product is much purer if obtained 
by heating the phosphonium hydroxide : 

(C2H5)2(C,H5.CH2)2P.0H = (C2H,)2(CaH,.CH,)PO + C,ll, 

The oxide boils at 328® to 330® C'. and crystallises in long needles, 
which react with sodium giving the free phosphine. It thus differs 
from trimethylphosphine and triethylphosphirie, which are unaffected 
by sodium. 

Allyldi-biphenylphosphine oxide, ^ (C 3 H 5 )(CaH 5 .CaH 4 ) 2 PO, occurs 
when allyltribiphcnylphosphonium bromide is treated with hot alcoholic 
potash. It forms microscopic crystals, softening above 160° C. and 
melting to a cloudy liquid at 192® to 193® C. The product contains 
one molecule of alcohol of crystallisation. 

Diethylbenzylphosphine sulphide, ^ (C 2 ll 5 )a(CeH 5 .CH 2 )PS, occurs 
when sulphur is added to an ether solution of the phosphine. It melts 
at 94® to 95® C. and boils with partial decomposition at 300® to 310® C. 
When heated with metallic sodium, a violent reaction takes place and 
free phosphine is produced. 

The thio 2 )hosphimtes of the type under the catalytic in¬ 

fluence oj‘alkyl iodides undergo isomerisation into the sulphides RgP '.PS, 
the process being similar to that oceurring with the corresponding 
oxygen compounds, but in the case of the sulphides complicated by 
the formation of by-products.^ 

Ethyldiphenylphosphine sulphide, (C 2 H 6 )(CgIl 5 ) 2 PS, occurs 
when ethyl diphenylthiopliosphinitc, (CgIl 5 ) 2 P.SC 2 H 5 , is heated with 
ethyl iodide in a sealed tube at 100® C. It crystallises in rhombic 
tablets, M.pt. 65-5® to 66® C. 

isoPropyldiphenylphosphine sulphide, (C 3 H 7 ) (C gllg) 2 PS, is 
rapidly produced when uopropyl iodide and isopropyl diphenyl- 
thiophosphinite are heated together at 99® C\, the product crystallising 
in thin tablets, M.pt. 97® to 98® C. 

isoButyldiphenylphosphine sulphide, (C4ll2){CgH5)2PS, is ob¬ 
tained in quantitative yield when ivobutyl diphenylthiophosphinite is 
heated with ^A*obutyl iodide at 115® C., but prolonged heating of the 
mixture at 80® C. gives di-w'obutyldiphenylphosphonium iodide. The 
sulphide separates as rhombic crystals, M.pt. 80° to 81® C. 

isoAmyldiphenylphosphine sulphide , (C 5 H 1 ^) (C ) gPS.—The 
isomerisation in this case takes place at 120 ® C., the sulphide crystallising 
as large, bright, rhomboidal crystals, M.pt. 63*5® C. 

Phenyldipiperidine-N-phosphine sulphide,* CeH5.P(NC5Uio)2S, 
occurs when sulphur is heated with the phosphine at 130® C. It crys¬ 
tallises as white needles, M.pt. 92° C., which are very stable. 

Tri-biphenylphosphine sulphide,® (CeH 5 .CgH 4 ) 3 PS, obtained 
from the interaction of the phosphine and carbon disulphide saturated 
with sulphur, forms microscopic plates, M.pt. 241° to 242° C., with 
preliminary softening. 

^ Worrall, J. Amer. Chem, Soc., 1930, 52 , 2933. 

a Collie, Tramf. Chem. Soc., 1888, 53 , 714, 720. 

® Arbusoff, J, Ru 88. Phys. Chem. Soc., 1910, 42 , 549. 

* Michaelis, Ber., 1898, 31 , 1037. 

* Worrall, V. Amcr. Chem. Soc,, 1930, 52 , 2933. 
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Acids of the Types RP(0H)2, RP0(0H)2 and R2P0.()H. 

The phenyl derivatives of these acids were known in 1873, that is, 
two years before the corresponding arsenical compounds, the method 
of preparation of the phosphorus derivatives subse(|uejitly bcang 
apjilied to obtain the arsenical acids. In the latter case the devcloji- 
ment of the diazo-reaetion as a means of obtaining the dc^sired prodiu‘t 
ousted the older methods, but this reaction does not seem to have met 
with success in the case of the phosphorus acids. The principal methods 
for ))reparing the acids are showm by the following equations : —- 

R.PCI 2 + 2 H 2 O =RP(OH)o + 2 HCI 
R.PC I 2 + 2 C 2 II 5 OH - RP(01I)2 + 212115^1 
R.PCI4 +3H2O -RP0(0H)2 + 4 TK1 
R.POClg f 2 H 2 O -RP0(0H)2 + 2 H (1 
R 2 .PC i 3 + 2 II 2 O -RoPO.OH +31K1 

The acids of the type RP(OH )2 are all solids, readily forming metal 
salts and double salts with arylhydrazines. No nitro- or amino-acids 
are known, and those containing halogen in the ring arc not obtained 
by direct halogenation, but by using halogenated phosphines as starting 
materials. The esters are formed by treating aryldichlorophos})hines 
with sodium alkoxidcis. 

The largest class of arylphos})hinic acids is that of the type 
RP 0 ( 011 ) 2 . These compounds are all solids and may be nitrated 
directly, the nitro-group entering the ring in the m 6 ’^<'/-position to the 
phosphorus. Reduction of the nitro-acads yields the (;orresi:>onding 
amino-acids. Those acids containing halogen substituted in the 
benzene neuclcus can be prepared from halogenated arylj)hosphines 
or by direct halogenation ; the halogen enters the ring in the para- 
])osition to the methyl group in the case of the ortho- and w/e^ft-tolyl- 
phosphinic acids. Carboxylic acids arc obtained by oxidising phos- 
phinic acids containing methyl groups with alkaline permanganate. 

The acids of the type RgPO.OII arc solids and capable of undergoing 
changes similar to those already described for the two ])receding types. 
The type may be sub-divided as follows : ArgPO.OH, AlkArP(3.0H, 
ArAr'PO.OH. The most numerous of these three classes is the first. 

The following schemes show the principal acids dealt with in this 
section:— 


Acids of the Type RP(011)2, 

X represents the grouping —P(OH) 2 . 

X X X X X 
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Acids of the Type RPO(011)2. 
X represents the grouping —^PO(OH) 2 . 





Acids of the Types ArgPO.OH, ArAr'PO.OH and AlkArPO.OH. 
X represents the grouping —PO.OH. 
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Phenylphosphinous acid or Phosphenyloiis acid,^ 


This acid is most readily obtained by the a(*tiou of water or warm 
alcohol on phenyldichlorophosphine : 

C eHg.PClg + 2 H 2 O =C6H5.P(0H)2 +2Ha 

If alcohol is used, ethyl chloride is formed instead of hydrochloric acid. 
The preparation of triphenylphosphinc by the Fittig reaction yields 
phenylphosphinous acid as a by-product. 

Phenylphosphinous acid crystallises in w^hitc plates, M.pt. 70 ° C., 
is easily soluble in hot water or alcohol, but not very stable in air. 
When strongly heated it decomposes according to the equation 

3C Jl 5 .P(OH )2 CeHs.PH^ + 2C ell« + 2 liPO, 

Treatment of the acid with mercuric chloride or sulphur dioxide 
oxidises it to phenylphosphinic acid. The following derivatives are 
formed by the combination of equimolecular proportions of the com¬ 
ponent substances: Phenylphosphinous avid phenylhydrazine, long, 
colourless prisms, M.pt. 135° C., soluble in hot water, sparingly soluble 
in cold water, and eliminating the acid portion of the molecule with 
excess of mineral acid ; phenylphosphinous acid 2 >-lolylhydrazine, fine 
needles, M.pt. 148° C. ; phenylphosphinous acid benzylhydrazinc, 
colourless prisms, M.pt. 108° C. 

The following salts of phenylphosjdiinous acid are known : 
potassium salt ( 2 H 2 O), ammo7iium salt, calcium salt, barium salt ( 4 II 2 O), 
lead salt and iron salt. 

Diethyl phenylphosphinite, CgH5.P(OC2H5)2,‘‘^ is formed when 
phenyldichlorophosphine reacts with sodium cthoxidc ; it is a colour¬ 
less, mobile liquid, B.pt. 235° C., density 1*032 at 1G° ('., insoluble in 
water; in contact with ethyl iodide it isomerises to ethyl phenylethyl- 
phosphinate, (Cglls)(C )PO.OC 2 H 5 . 

Dithioethyl phenylphosphinite, €gri5.P(SC2H6)2,® occurs when 
ethyl mercaptan (1 mol.) in ether solution is treated with sodium and 
phenyldichlorophosphine (0*5 mol.). It boils at 143° to 144° C. at 
3*5 mm., and has a density of 1*1417 at 0° C. With cuprous bromide 

^ Michaelis and Ananoff, Ber., 1874, 7 , 1688; Michaelis, Annnkn, 1876, 181 , 265; 
Kohler and Michaelis, Ber., 1877, 10 , 807, 816; Michaelis and 8 oden, Annalen, 1885, 
229 , 295. 

* Kdhler and Michaelis, Ber., 1877, 10 , 816; ArbusofF, J. Russ. Phys. Ch^m. Soc., 
1910, 42 , 395. 

* ArbusofF and Kamai, J. Russ. Phys. Chem. 80 c., 1929, 61 , 2037. 
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it forms a crystalline compound. At 150° C. it (combines with sulphur 
yielding a compound CJ 0 II 15 S 3 P, Il.pt. 191° to 192° C. at 3-5 mm., 
density 1 *2201 at 0 ° C. ; this product is hydrolyvsed by sodium ethoxide 
to the crystalline salt C'gH 5 .PS(SC 2 ll 5 )ONa. When dithioethyl 
phenylphosphinite is }ieat(‘d at 130^ C. with ethyl iodide in a sealed 
tube, it undergoes isomerisation to the sulphide CgH 5 .P(C 2 H 5 ) 
(SC 2 H 5 ) : S, ll.pt. 169° to 170° C. at 3*5 mm., density 1*1693 at 0 ° C., 
which, with sodium ethoxide, yields the crystalline sodium salt of 
phenylethylmonothiophosphinic acid, CgH 5 .P(C 2 H 5 )(ONa) : S; the 
corresponding acid is only a syrup. Dithioethyl phenylphosphinite 
and benzyl chloride at 200 ° C. afford the compound [S : P.CgHg 
(CII 2 .C 6 ^^ 5 )^^*] 2 (‘ 0 j M.pt. 145° to 146° C., and tlie oily c^ompouiul 
S : P.CgH 5 (CH 2 .CeH 5 )SC 2 ll 5 > B.pt. 210 ° to 218° C. at 3 mm., density 
1 1826 at 0 ° C. 

Dithio-isobutyl phenylphosphinite, Cgll 5 .P(SC 4 ll 9 ) 2 , is prepared 
in a similar manner to the forc'going dithioethyl cjompoimd. It boils 
at 191° to 192° C. at 12*5 mm., and has a density of 1*0637. With 
flowers of .sulphur it yields the sulphide CgH 5 .P(SC 4 litj )2 : S, and 
with bromacctic acid it gives a cTystalline sodium salt, CgIl 5 .P(:S) 
( 0 Na)CH 2 .C 02 Na, the corresponding free acid being non-erystal- 
lisable. Dithio-wobutyl ])henylphosphinite with ethyl jS-iodopro- 
pionate gives the compound CialljQOgSgP, B.pt. 200 ° to 206° C. at 
4*5 mm., but hydrolysis does not afford a crystalline acid. Benzyl 
chloride at 210 ° C. gives a compound S : P.C 0 H 5 (CH 2 .CeH 5 )SC 4 H 9 , 
M.pt. 145° to 146° C., and hydrolysis of the residue from the prepara¬ 
tion of this compound yields phenylbenzylmonothiophosphinic acid, 
S : P.C 9 H 5 (( H 2 .C 6 H 5 ) 0 H, M.pt. 173° to 174° C. 

Phenylphosphoneacetic acid, lIOP(CgH 5 )O.CIl 2 .C 02 H.^ -Tlie 
ethyl ester of this acid is. prepared by the intcrac'tion of cii-i^obutyl 
phenylphosphinite and ethyl monobromacetatc ; it boils at 195° to 
198° C, at 7 mm., and has a density of 1*1223 at 0 ° C. The free acid 
melts at 121*5° to 122 5° (‘. ; its alkaloidal salts cannot be resolved into 
optically active components. 

Phenyl - a - phosphonepropionic acid, HOP(CgU 5 ) 0 . 
CH(CH 3 )C 02 H.—When ethyl a-bromopropionate is used in the fore¬ 
going condensation, ethyl phenyl-a-phosphone propionate is formed, B.pt. 
191° to 193° C. at 7 mm., density 1*10535 at 0 ° C., the free aedd melting 
at 168° to 169° 

p-Ghlorophenylphosphinous acid,^ 

Cl <( yT>(OH), 

crystallises from water in fine, silky needles, and from alcohol in glisten¬ 
ing plates or spears, M.pt. 130° to 131° C. The ammonium, barium 
(HgO) and copper ( 4 H 2 O) salts are known. The double salt with 
phenylhydrazine crystallises in bright yellow plates or golden-yellow 
needles from dilute solution and melts at 169° C. 
p-Bromophenylphosphinous acid,^ 

llr-<( yP(OH), 


^ Arbusolf and Arbusoff, J. Russ. Phys. Chem. Soc., 1929, 61 , 1599. 

* Micbaelis, Annalen, 1896, 293 , 222; Maecker, Inaug. Dissert. Rostock, 1893. 

* Gundermann, Inaug. Dissert. Rostock, 1894. 
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forms large, glistening, white plates, M.pt. 143° C., soluble in the usual 
organic; solvents, less soluble in ether. The potassium, ammonium, 
calcium, barium ( 4 H 2 O), lead, copper and aniline salts are known. 
o-Tolylphosphinous acid,^ 



is a non-crystalline compound, but capable of yielding salts. Its 
calcium salt crystallises in glistening plates containing a molecule of 
water of crystallisation. 

m-Tolylphosphinous acid, 

is a syrup having similar properties to the preceding compound. 

p-Tolylphosphinous acid,^ 


OH, .|‘(()H), 

se])aratcs as transparent, quadratic plates, M.pt. 104° to 105° C., stable 
in air and ])artially oxidised to the corresponding phosphinie acid 
when boiled with nitric acid. Its copper salt crystallises with four 
molecules of water in blue plates. The ethyl ester is a clear liquid, 
B.pt. 280° C., formed by the action of sodium aleoholate on p-tolyl- 
dichloroj)hos])hin(‘, and water decomposes it into its components. The 
double compound with phenylhydrazine crystallises in line nec'dles, M.pt. 
101° C. 

p-£thylphenylphosphinous acid,^ 

l'(OH), 

readily crystallises from water and melts at 03° to 04° C., the phenyl- 
hydrazme salt melting at 133° C. 

p-Anisylphosphinous acid,^ 


cji,()-<^ 'y v(ou). 


yields thin, silky needles, M.pt. 312° C. ; its lead salt crystallises in 
glistening satin scales and the phemjlhydrazine salt in pearly plates, 
M.pt. 110° C. p-Phenetijlphosphinous a^id forms white, glistening plates, 
M.pt. 115° C. 

m-Xylylphosphinous acid,® 



^ Michaelis and Pancok, Annalm, 1882, 212 , 223. 

* Michaelis and Pancok, loc. ciL; Ber., 1880, 13 , 653. 

® Michaelis, Annalen, 1896, 293 , 315; Lewschinski, Inatig. Dissert Rostock, 1893. 

* Michaelis, loc. cit, p. 258. 

* Michaelis and Paneck, Annalen, 1882, 212 , 237. 
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crystallises in colourless needles, M.pt. 97° to 98° C., soluble in alcohol. 
p-Xylylphosphinous acid has been isolated, but no details have been 
given. ^ 

Pseudocumylphosphinous acid,^ 

CH3 

CHa-/ ^ P(0H)2 

melts at 128° C. and forms crystals belonging to the rhombic system ; 
the phenylhydrazine salt separates as white, silky needles, M.j)t. 180° C. 
Mesitylphosphinous acid forms white needles, M.pt. 147° C., stable in 
air, the phenylhydrazine salt giving plates, melting with decomposition 
at 132° C.^ 

Cumylphosphinous acid, 



is a thick oil, yielding a crystalline phenylhydrazine salty M.pt. 161° C. 
Cymylphosphinous acid. 



is isolated as an oil, the barium, salt of which crystallises witli one 
molecule of water. 

a-Naphthylphosphinous acid,^ 



Mercury di-a-naphthyl and an excess of phosphorus trichloride are 
heated together in a scaled tube for three to five days at 180° to 200° C. 
The excess trichloride is then distilled off and the viscous residue 
treated with water and boiled until hydrogen chloride ceases to be 
evolved. A slight excess of sodium carbonate is then added and the 
solution filtered, the phosphinous acid being precipitated from the 
filtrate by acidifying. Purification is effected by recrystallisation from 
hot water, the insoluble product being di-a-naphthylphosphinous acid. 
a-Naphthylphosphinous acid forms small, warty groups of white needles, 
M.pt. 125° to 126° C.f density 1-377,^ very soluble in alcohol, less 
soluble in hot water, insoluble in dilute hydrochloric acid. When the 
acid is boiled with aqueous silver nitrate, metallic silver is deposited. 
Dibenzylphosphinous acid,^ 




-P(0H)3 


1 Weller, Ber., 1888, 21 , 1492. 

* Michaelis, Annaleriy 1897, 294 , 4; Rothe, Inaug, JHsaert, Boatoek, 1892; Uster, 
ibid.y 1896. 

* Hecker, ibul., 1893. * Kelbe, Ber., 1878, xi, 1499. 

* Schroeder, Ber,, 1879, X2, 561. • Miohaelis, Annalen, 1901, 3 x 5 , 50. 



AROMATIC RHOSRHINES AND PHOSPHONIUM COMPOUITOS. 10? 

forms pearly plates, M.pt. 156® to 157® C., and yields well-crystallised 
salts. 

Diphenylmethanephoaphinous acid,^ 


OR 


1>(0H)2 


is best crystallised from alcohol; it melts at 81° C. It is very sparingly 
soluble in hot water. Its alcohol solution with an excess of sodium 
hydroxide yields the sodium salt as a thick, white precipitate. The 
potassium, ammonium, calcium, lead and barium salts are known, the 
last-named containing three molecules of water. The double salt with 
2 >h€nylhydrazine is sparingly soluble in water and melts at 171® C. 

Phenylphosphinic acid or Phosphenylic acid, 

)>-PO(OH). 

may be isolated by several methods : (1) By treating the corresponding 
tetrahalides or oxyhalides with water : ^ 

Cells.PC^ + HgO - CeHg.POClg + 2HC1 
Cells-POC la + 2 H 2 O -CeH5.PO(OH)2 +2HC1 

(2) By treating the compound CgH 5 .P=POH with nitric acid.® (3) 
By the action of concentrated nitric acid on phosphobenzene, (.'gHg.P 
— P.CgHg; if dilute nitric acid be used only phenylphosphinous acid 
results.^ (4) The acid is formed when the sulphoehloride, CgHg.PSClg, 
is boiled for a prolonged period with water.® 

Phenylphosphinic acid crystallises in colourless, rhombic plates, 
M.pt. 158° C., density 1*475.® At 250® C. it decomposes into benzene 
and metaphosphoric acid, but if slowly heated to 200® C. two molecules 
of acid combine with the elimination of a molecule of water, and at 
210° €. three molecules of acid lose two molecules of water. Heating 
with bromine and water in a sealed tube at 100® C. decomposes the 
acid, giving p-dibromobenzene, phosphoric acid and hydrogen bromide,’ 
whilst heating with soda lime yields benzene and phosphoric acid.® 
When dry phenylphosphinic acid is heated in a reflux apparatus with 
the oxychloride, CgH^.POClgj phenylphosphinoxidc results, CgHg.POg.® 
Phenylphosphinic acid forms the following salts, the water of crystallisa¬ 
tion being indicated in brackets : jwtassium salt, sodium salt ( 12 H 2 O), 
calcium salt (211^0), zinc salt, copper salt, silver salt, iron salt ( 2 IH 2 O); 
also acid salts of potassium, calcium and strontium. When the silver 
salt is heated under reflux with ethyl iodide, the diethyl ester results, 
CgH 5 .PO(OC 2 H 5 ) 2 . It is a viscous liquid, B.})t. 267® C., having an 
odour resembling that of mustard oil, and is heavier than water, in 

^ Michaelis, Annalen, 1901, 315 , 44. 

* Michaelis and Mathais, Ber,, 1874, 7 , 1070; Mathais, Inaug, Dissert. Zurich, 1875; 
Michaelis and Kohler, Ber,, 1876, 9 , 619; Michaelis, Ber., 1873, 6 , 816. 

® Michaelis, Ber., 1876, 8 , 499. 

* Kohler and Michaelis, Ber,, 1877, 10 , 807. 

* Kohler and Michaelis, Ber., 1876, 9 , 1063. 

* Sohroeder, Ber,, 1879, 12 , 661. 

^ Michaelis, Awmlein,, 1876, x 8 i, 265. 

® Michaelis and Benzinger, Ber., 1876, 9 , 617. 

* Michaelis and Rothe, Bet., 1892, 25 , 1747. 
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which it is slightly soluble without decomposition.^ The corresponding 
dimethyl ester boils at 247^" Decomposition of the tetrachloride, 
CgH 5 .rCl 4 , by alcohol gives rise to a 7n(^()ethyl ester, C 6 H 5 .P 0 ( 01 i) 
(OCgHg), a liquid d(*composcd by water. If the tetrachloride be heated 
with phenol, hydrogen chloride is evolved and the diphe^iyl ester is 
formed : ^ 

C eHg.PC I4 + 3 ( eH^OH ==CeIl5.PO(OCeH6)2 + 3 HC 1 + CeHsCl 

This ester forms white needles, M.pt. 63*5° C., readily soluble in alcohol, 
ether or benzene, insoluble in w^ater. It is decomposed by alcoholic 
sodium hydroxide, but not by the aquc'ous alkali. The di])henyl ester 
also results when one molecular ecjuivalent of the oxychloride, CgHs. 
POCI 2 , is treated with two equivalents of ph(‘nol, but the use of one 
equivalent of the latter leads to the production of an ester oxychloride, 
(^ellg.POC^OCeHs), which decomposes with water to form the corre¬ 
sponding acid, CgH5.PO(011)(OCgH5). The latter com])oimd (‘rystallises 
in fine needles, M.pt. 57° C., readily soluble in alcohol, ether, benzene 
or alkali, sparingly soluble in water. Its ammonium salt is ardiyclrous 
and forms (‘olourlcss needles ; the silver salt separates from hot water 
in silky, glistening jieedles. 

m-Nitrophenylphosphinic acid,^ 

/ ypo((tH)2 

i~ 

NOa 

Phenylphos])hinic acid and fuming nitric acid in the proportion of 
1 to 7 parts are heated together in a sealed tube for several hours at 
100° to 105° C. and the reaction mixture then evaj)orated to dryness 
on the water-bath. The crude acid, after solution in water, is treated 
with pure barium carbonate, the mixture well shaken, filtered, and the 
residue washed with water until no barium ions are detected in the 
washings. The barium salt of the nitro-acid dissolves, whilst the barium 
salt of any unchanged phcnylphosphinie acid remains behind. Evapora¬ 
tion of the filtrate yields yellow glistening plates of the barium salt, 
from which tlu* free acid is liberated by sulphuric acid, the solution 
filtered and evaporated to dryness. Extraction of the residue with 
alcohol-free ether and removal of the solvent gives the free acid in 
white, concentric groups of needles, M.pt. 132° C., exploding above 
200° C., easily soluble in water, alcohol or ether, insoluble in benzene 
and deliquescent in air. A neutral barium^ salt and an acid bormin 
salt arc known, both containing two molecules of water; the calcium 
salt contains half a molecule of water, and the silver and lead salts 
are anhydrous. 

m-Aminophenylphosphinic acid,^ 

<( )>-PQ(QHh 

NHa 

^ Michaelis and Kammcrer, Ber., 1875, 8 , 1306. 

^ Michaelis and Benzinger, Ber., 1876, 8 , 1310. 

* Michaelis and Kammerer, loc. cit.; Annalen, 1876, i 8 i, 337. 

* Michaelis and Benzinger, Ber,, 1875, 8 , 600, 1310; Annalen, 1877, 188 , 276. 

* Michaelis and Benzinger, loc, cit,\ Ber,, 1876, 9 , 613. 
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occurs when the preceding nitro-acid is reduced by tin and hydrochloric 
acid. It crystallises from hot water in fine needles, melting with de¬ 
composition at 280° C. When a hot solution of the amino-acid in 
nitric acid is treated with nitrous acid, a diazonimn nitrate is obtained ; 
this is deposited from water as white prisms, M.j)t. 188° ('., e.xploding 
at a higher temperature. At 130° C. the eoinjiound loses two mole¬ 
cules of water, and when heated with soda lime it yields aniline and 
phos])horie acid. It is a strong dibasic acid and forms two scnics of 
salts, of which the harium (31120) and sih'er salts are red, and the 
potassium (II 2 O) and lead salts are yellow. A sodium salt ( 3 II 2 O) and 
a cojyper salt are known. 

p-Ghlorophenylphosphinic acid,^ 

01^ V()(()H )2 

This acid is ])rc|)ar(Hl by treating the corrcs])onding tetrachloride or 
oxychloride with water. It separates from water in silky needles, or 
from alcohol in quadratic, plates, M.pt. 181'' to 185° C. The acid 
barium, salt crystallises in bushy needles, the acid silver salt in glistening 
])lates, wdiilst the neutral silver salt is an ainor])hous j^owder, whi(*h 
readily darkens when ex])osed to the light. Th(‘ dry acid, heat(‘d with 
the oxychloride in benzene solution, yields p-(‘hlorophenylphosphin- 
oxide. 

m-Nitro-p-chlorophenylphosphinic acid,‘^ 



NO, 


occurs when the preceding compound is nitrated ];y fuming jiitric acid. 
It crystallises either in pale yellow glistening plates or in long needles, 
M.pt. 166° to 168° C., soluble in water, alcohol or ether, but insoluble 
in benzene. The alkali salts form yellow^ needles, readily soluble in 
water, whilst the alkaline earth salts are s|)aringly soluble. Reduction 
of the acid by tin and hydrochloric acid gives a VS ])cr (‘cnt. yield of 
the amino-acid, w^hicli melts w^ith deeomfiosition at 270° C. and becomes 
discoloured in air. 

p-Bromophenylphosphinic acid, 



PO(OH), 


forms long needles, M.pt. 202 ° C., above ^which temperature it decom- 
])oses into bromobenzene and phosphoric acid. Nitration yields 
m-nitro-p-bromophenylphosphinic acid, consisting of bright yellow^ 
plates, M.pt. 185° C., exploding on strong heating. An isomeric 
bromophenylphosphinie acid has also been obtained from the alumin¬ 
ium chloride residue obtained in the pre})aration of p-bromophenyl- 
phosphine ; it melts at 265° and is distinguished from the para- 
bromo-derivative by its insolubility in ether. 


^ Michaelis, Annalen, ]89(5, 293 , 228. 

^ Michaelis, loc. cit; Eifler, Inaug, Diasert. liostoclc, 1894. 
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o-Tolylphosphinic acid/ 



prepared in the usual manner, forms small, granular crystals, M.pt. 
141'" C., and when strongly heated is de(romy>osed into toluene and 
phosphoric acid. The following salts are known : ammonium salt^ 
acid barium salt (II 2 O), copper salU lead salt and afiilide, the last-named 
forming white needles, M.pt. 234° C. 

5 -Nitro-o-tolylphosphinic acid, 

NOg 

\ PO(OH), 

CH, 

When the previous acid is evaporated on the water-bath with seven 
parts of fuming nitric acid, nitration takes place in the m^^rsr-position 
to the phosphorus. Th(‘ nitro-a(*id forms pale yellow needles, M.pt. 
174° C., and is less soluble in water than the corresponding 
comjwund. The barium and calcium salts are yellow, microcrystalline 
j)owders. Reduction of the nitro-acid yields the amino-acid as brownish 
needles, softening at 280° to 300° C. and decomposing at higher tcnipera- 
tures ; the barium and calcium salts are reddish-brown powders. 
o-Carboxyphenylphosphinic acid, 

/ \ P0(0H)2 

I 

COOH 


15 grams of o-tolylphosphinic aeid in 1,500 c.c. of water arc treated 
with 27*6 grams of potassium permanganate, added in small portions, 
and the whole maintained at 50° C. for ten weeks. The resulting 
f)roduct forms small, white needles, M.pt. 172° C., readily soluble in 
water or alcohol, insoluble in ether or benzene. The crystals sublime 
unchanged. A white silver salt is known, which is affected by light. 
Treatment of the acid with phosphorus pentachloride gives the acid 
chloride^ ClCO.C^H^.POClg, a crystalline mass, M.pt. 54° C, 

5 - Chloro -o -tolylphosphinic acid 

Cl 

|>-PO(OH), 

CH, 

is obtained by direct chlorination of o-tolylphosphinic acid at the 
ordinary temperature. It forms small, compact crystals from dilute 
alcohol, M.pt. 205° C., readily soluble in water but reprecipitated by 
hydrochloric acid. Strong heating decomposes the acid, yielding 
p-ehlorotoluene, which proves the constitution. Prolonged chlorination 
gives rise to a dichloro-o-tolylphosphinic acid, M.pt. 240° C. 

^ Michaelis and Paneok, Anrialen^ 1882, 212 , 232; Michaelis, ibU,, 1896, 293 , 294. 

* Michaelis, loc, cit. 
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m-Tolylphosphinic acid,^ 



crystallises as white, glistening needles, M.pt. 116® to 117° C., easily 
soluble in water, alcohol or ether. It forms two series of potassium 
and silver saltsy also a neutral barium salt, 

6-Chloro-m-tolylpho8phinjc acid, 


Cl 


<( ^-yO(OH), 

CH3 

occnirs when chlorine is passed for twenty minutes into an aqueous 
solution of m-tolylphosphinic acid. It forms white, feathery needles, 
M.pt. 176° C., above which temperature it decomposes into phosphoric 
acid and p-chlorotoluene, the formation of the latter compound proving 
the position of the chlorine in the ring. The neutral silver salt of the 
acid is a crystalline body, unaffected by light. 

2 :5 :6-Trichloro-m-tolylpho8phinic acid, 

Cl Cl 

I_I 

/ VpO(OH), 

JJ3C Cl 

When the preceding chloro-acid in aqueous solution is chlorinated for 
three hours, tlie trichloro-acid is isolated in plates or needles, M.pt. 
220° C. It sublimes above its melting-point and the crystals thus 
oV)tained separate from methyl alcohol as long, colourless needles, 
M.pt. 82° C. When decomposed, the trichloro-acid yields 2:4:5- 
trichlorotoluene, which proves its composition. The silver salt is a 
white powder, somewhat affected by light. 
6 -Bromo-m-tolylphosphinic acid. 



occurs as white needles, M.pt. 198° C., when one molecular equivalent of 
bromine reacts with one equivalent of m-tolylphosphinic acid in aqueous 
solution. The silver salt is a white, amorphous powder. When the 
acid is heated above its melting-point it yields p-bromotoluene and 
mctaphosphoric acid. 

m-Garboxyphenylpho8phinic acid, 

COOH 

obtained by the oxidation of m-tolylphosphinic acid with alkaline 
potassium permanganate at 50° C. during a period of ten days, crystallises 

1 Micbaelis, Annalen, 1896, 293 , 306. 
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in white needles, M.pt. 245® to 246° C. When licated above its melting- 
j>oiiit it yields beir/oie acid. The 7ieutral silver salt is a wliite, caseons 
preci|)itate, unaffected by light; the lead and hariuni salts are white 
ilocculent precipitates. Phosphorus pentachloridc converts the acid 
into the acid chloride^ C 1 CO.CqH 4 .POU 1 2 , a white* crystalline mass, 
M.pt. 61° C., B.pt. above 360° C. 
p-Tolylphosphinic acid,^ 



-P0(0H)2 

m 


is obtained by treating the eorresponding tetraeliloride with water. 
It separates from the latter solvent as matted, woolly needles, M.pt. 
189° C., readily soluble in alcohol or ether. Tt is a strong dibasier acid, 
forming three series of salts : (a) containing acid of erystallisation, 

(b) acid salts, (e) neutral salts. The following are known : potassium 
salt, C 7 ll 7 .PO(OH)(OK).C 7 ll 7 .PO(OH) 2 , glistening, colourless needles; 
acid barium salt, [C7H7.PO (Oil ) 0 ] 2 Ba, isolated as a glistening, crystalline 
})reeipitate ; acid calcium salt, similar to the barium salt; acid silver salt, 
C 7 ll 7 .PO(OH)(OAg), white crystalline ])lat(‘s ; and 7ieutral silver salt, 
C 7 H 7 .PO(OAg) 2 , a white, caseous preei])itate. When an aqueous 
solution of the acid is warmed with l^rojniiu* it deeoniposes as follows :— 

( 7 H 7 .P 0 ( 0 H )2 +Br 2 + H 2 O ^C^lI^Br f PO(OII )3 4 llBr 

3-Chloro-p-tolylphosphinic acid,^ 



Cl 


occurs when the eorresponding oxy(*hloride is treated with water. It 
forms })early plates, M.pt. 190° C., readily soluble in hot alcohol. When 
heated with bromine and water it yields o-ehloro-^^-bromotoluene. It 
forms an acid anilide, M.pt. 216° C., and silver and acid barium salts 
are known. 

3-Chloro -p -carboxyphenylphosphinic acid, 

COOH \-P0(()H)2 

1 ■ “ 

Cl 

is prepared by oxidising the previous compound with alkaline per¬ 
manganate solution at 50° to 60° C. It forms rhombic plates, M.pt. 
254° C. Nitration with seven parts of fuming nitric acid gives a 
mononitro-acid, consisting of yellowish plates, M.pt. 200 ° C., above 
which temperature it explodes. 

3-Nitro-p-tolylphosphinic acid,^ 

CH 3 P0{0H)2 

I 

N02 

1 Michaelis and Paneck, Her., 1880, 13 , 653; Annahn, 1882, 212 , 225; Michaelis and 
Lange, Ber., 1875, 8 , 1313; Michaelis, Ber., 1879, 12 , 1009. 

* Melchiker, Ber., 1898, 31 , 2915; Chem. Zentr., 1899, i, 129. 

® Michaelis, Annalen, 1896, 293 , 270; Piper, Inaug. Dissert. Rostock, 1893. 
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One part of p-tolyl})hosphinic acid and seven parts of fuming nitric 
aci(i are lieated together on th(‘ water-hatli for two hours, then evapor¬ 
ated to dryness and the residue treated with water, the nitrated acid 
going into solution. The acid is best jnirified by means of its barium 
salt, pale yellow, stellate groups of needles being obtained, M.pt. 191° C. 
The compound explodes when heated above its melting-point. The 
following salts are known : barium, salt, C 7 Hg(N 02 )P 03 Ba. 2 H 20 , 
yellow jdates ; calcium salt, C 7 H 3 (N 02 )P 03 (!a.H 20 , a pale yellow 
powder ; lead, copper and silver salts, amorphous powders, the last- 
named being affected by liglit. When the silver salt is heated under 
reflux with ethyl iodidt', the diethpl ester, C 7 llg(N 02 )P 0 ( 0 C 2 ll 5 ) 2 , is 
produced ; this product has a faint juingent odour resembling that of 
mustard oil, and cannot be distilled without det‘omposition. 
3-Amino-p-tolylphosphinic acid, 



1M)(()H)2 


Heduction of 120 grams of the previous eomj)ound with zinc and 
hydrochloric acid gives only five grams of the ])ur(* amiiio-aeid. The 
acid forms white, glistening needles, rapidly affected by air and dc‘- 
eornposing at about 290° C. The silver salt is a white' })owder, sensitive 
to light ; th(‘ lead salt is a yellow, amor])hous ])owdcr, and the diethyl 
ester an imdistillable licjuid, having a mustard oil odour. 

3 :5-Dinitro-p-tolylphosphinic acid, 


NO, 
I. r 


CH, 


-IH)(()H)2 


NO, 


One part of p-tolylphos])hinic acid, five parts of concentrated nitric 
acid and seven ])arts of fuming nitric acid are heated together for three 
hours on a water-bath, tlu'u poured into a large volume of water. The 
dinitj’o-aeid is extracted from the solution by ether, from which solvent 
it crystallises in yellow plates, M.))t. 251° C., exploding on rapid heating. 
The barium salt crystallises with two molceidcs of water, the first of 
which is eliminaled at 110° C, and the second with diflieulty at 180° C. ; 
the lead salt is a yellow, amorphous powder. 

4-Carboxyphenylphosphinic acid,^ 

HOOO-<^ ^ rO(OH)a 

occurs when p-tolylphosphinic acid is oxidised by alkaline potassium 
permanganate solution at 50° C., the process taking several days for 
completion. The potassium salt thus isolated is evaporated at 50° C. 
with concentrated hydrochloric acid to obtain the free acid. The acid 
crystallises from hydrochloric acid in plates and from water in needles. 
The melting-point is above 800° C., strong heating causing decom¬ 
position with formation of benzoic acid, pliosphoric acid and carbon. 
Unlike p-tolylphosphinic acid, this acid is not attacked by bromine 
in the presence of water at 180° C. The following salts ai’e known : 


^ Michaclis and Raneck, Ber., 1881, 14 , 40.'); Michaelis, loc. cit. 
VOL, XI, : III, 
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acid calcium salt, [COOH.CeH 4 ,PO(OH)Oj 2 Ca, which on heating yields 
benzoic acid and calcium phosphate, showing that the calcium is not 
bound to the acid residue; copper salt, Cu.,j 0 C 0 .CgH 4 .P 03 ] 2 . 1 |H 2 ^^» 
a pale blue crystalline precipitate ; siher salt, AgOrO.CeH 4 .PO(OAg )2 ; 
potassium salt, KOCO.C 3 ll 4 .PO(OH) 2 , fine needles, soluble in water, 
S})aringly soluble in alcoliol. When the foregoing potassium salt is 
heated with acetic acid, or hydroc^hloric acid is added to its acpieous 
solution, a sparingly soluble potassium salt, KOrO.C„n 4 .PO(OH) 2 . 
II 0 C 0 .('^H 4 .P 0 ( 0 H) 2 , separates in bushy columns ; the corresponding 
sodium salt is non-crystalline. Barium and ferric chlorides give pre¬ 
cipitates with the free acid. When the silver salt is refluxed with 
methyl iodide, the methyl ester, CH 30 CO.reIl 4 .PO(OCH 3 ) 2 , is obtained 
as a liquid which cannot be distilled without some decomposition. 
When finely powdered p-carboxyphenylphosphinic acid dissolved in 
absolute alcohol is saturated with dry hydrogen chloride, an acid 
ethyl ester is formed, C 2 H 50 C 0 .C 3 n 4 .P 0 ( 6 lI) 2 , together with some 
ueutral ester. After removing the solvent, the liquid is dried and 
stirred until it solidifies. This mixture of esters is then dissolved in 
water and shaken with silver nitrate, the resulting ciirdy precipitate 
being washed, sus})ended in distilled water, dissolved by adding the 
minimum amount of nitric acid and the silver removed by the addition 
of hydrochloric acid. The filtrate is evaporated, when the acid ethyl 
ester se])arates in needles, M.})t. 78° U., readily soluble in water or 
alcohol. The acid silver salt of this ester, G 2 ll 50 C().C 6 FT 4 .P 0 ( 0 H)(()Ag), 
crystallises in snow-white crystalline s])angl(‘s. p-Carboxyphenyl- 
phosphinic acid also yi(‘lds an acid chloride, CICO.GQH 4 .POCI 2 , when 
treated with phosphorus pentachloridc^. This ’melts at 83° and 
boils at 315° (\ It is decomposed by hot water, giving the free acid, 
by ammonium hydroxide, forming the amide, and by alcohol, yielding 
a mixture of neutral and acid esters. Phosphorus pentachloride at 
200 ° C. removes the phosphorus as follows :— 

ClC().C\.Il4.POC I2 + PC I5 -C 1C6JI4.( OCl + POCI3 +PCI3 

p-Ethylphenylphosphinic acid,^ 

t’aH, ^ ro(()H), 

forms white, glistening, matted needles, M.pt. 164° C., easily soluble 
in al(‘ohol, ether or hot water, insoluble in benzene. It forms an 
acid ammonium, salt, a pJmiylhydraziue salt, a potassium salt, CgHg. 
POgHK.CgHg.POgHg, a barium salt, CgHg.POgBa.SHgO, a copper 
salt, crystallising with a molecule of water, and a white silver salt. 
Oxidation of the acid by potassium permanganate yields 4-carboxy- 
phenylphosphinic acid. 

Cymylphosphinic acid or Methylisopropylphenylphosphinic acid,^ 


1 ’ 0 ( 0 H )2 or 

is a liquid forming two silver .salts, CjoHigPOgHAg and CjoHigPOgAgg, 
^ Michaelis, Annalen, 1896, 293 , 317. 2 Michaelis, Annalm, 1897, 294 , 54. 
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also a phenylhydrazine salt, M.pt. 156° C., which crystallises in warty 
plates. Oxidation by alkaline potassium permanganate yields methyl- 
oxyisojyropylphenylphosphinic acid, CIl g.C gll 3 [C (OH) (CH 3 ) g ] PO (OH) g, 
as an oil. 

Cumylphosphinic acid, 

^-PO(OH), 

crystallises from carbon disulphide in small needles, and from cumene 
in small rhombic crystals, M.pt. 169° C., readily soluble in water, 
less soluble in alcohol or ether. The barium salt is a white, crystalline 
})owder; the silver salt is readily decomposed and is affe(‘ted by light; 
the phenylhydrazine salt forms pale yellow plates, M.pt. 172° C., moder¬ 
ately soluble in water, alcohol or ether. The acid also forms a stable, 
golden-yellow salt with aminoazohenzene, which crystallises in plates, 
M.pt. 185° C. When 4 grams of cumylphosphinic acid are oxidised 
with 2 grams of ])otassium permanganate, oxyisopropylphenylphos- 
phinic acid is formed, (CH 3 ) 2 C(OH)CgIl 4 .PO(OH) 2 ; this is an oil, 
soluble in ether, alcoliol or water, insoluble in dilute hydrochloric acid ; 
when heated at 105° to 120 ° C. it decomposes, yielding a white powder, 
analysis of which agrees witli the composition of allylphemflp)hosphinic 
acid, C 3 H 5 .CgH 4 .PO(OH)g. 

Benzylphosphinic acid,^ 

CH 2 .P 0 ( 0 H )2 

10 grams of phosphonium iodide and 5 grams of benzaldehyde arc 
digested together at 100 ° C. for four to five hours, phosphine and hydro¬ 
gen iodide being evolved. When the brown rea(*tion product is warmed 
with water, a white crystalline mass results, consisting of a mixture 
of dibcnzylphosphinic acid and tribenzylphosphinc oxide, and benzyl¬ 
phosphinic acid remains in solution. The crude product from the 
solution crystallises from acetic acid in shining, stellate groups of 
prisms, M.pt. 169° C., soluble in alkalis, but insoluble in the usual 
organic solvents. It turns blue litmus red, liberates carbon dioxide 
from carbonates, and forms a silver salt, C 7 n 7 .P 03 Ag 2 . Nitration of 
the acid gives a nitro-acid, probably ti-nitrohenzylphosphinic acid, 
N 02 .CgH 4 .CH 2 .P 0 ( 0 H) 2 , which crystallises in shining yellow needles, 
melting at about 217° C. 

p-Anisylphosphinic acid,^ 

CHaO ^ P 0 ( 0 H )2 

forms large, rhombic crystals, M.pt. 158° C., fairly soluble in water 
or alcohol, insoluble in ether. The potassium salt separates in plates 
containing four molecules of water; the barium and silver salts are 
white, and the iron salt, (CH 30 .CgH 4 .P 03 ) 3 Fe 2 . 3 H 20 , is a yellow amor¬ 
phous powder. 

3-Nitro-4-methoxyphenylphosphinic acid, 

P0(0H)2 




^ Litthauer, Rer., 1889, 22 , 2144. 


‘ Michaelis, Annalen, 1896, 293 , 251. 
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probably represents tJie structure of the acid formed wiien the preceding 
compound is nitrated. It forms colourless, matted needles, M.pt. 1 H7° C., 
exploding at higher lemperaturcs. The acid hariuni salt, [(CII3O) 
NO 2 .C 6 lI 3 .PO 3 HJ 2 JIa. 3 H 2 O, yields yellow, rhombic crystals ; the copper 
salt is a greenish-blue powder, and the basic cobalt salt, (CH 30 )N 02 . 
C 6 H 3 .PO 3 C 02 O, is a reddish-brown powder. 
p-Phenetylphosphinic acid, 

forms whit(‘ needles, M.pt. 1G5° C., r(‘adily soluble in alcohol or water, 
and giving a white silver salt. 

m-Xylylphosphinic acid or 2 : 4>~Dimethylpheni/lphosp/rmic acid,^ 
PH, I‘(>(()ll)s 

CH, 

This compound is obtained from the corresj^onding tetrachloride, the 
latter being isolated from 7 /i-xylyldi(*hlorophosphine, derived from tlu? 
prod\iets of reaction between m-xylene, ])hosphorus triehloride and 
aluminium chloride. The acid is said to giv’^e two distinct crops of 
crystals, M.pts. 194° C. and 101 ° (\, designated a and respectively. 
If this statement be correct, the foregoing Fried el-Crafts reaction gives 
rise simultaneously to 1 : 2 : 4- and 1:3: 5-xylyldichlorophosphines, the 
1:2: 4-compound being designated a and the 1:3: 5-derivative designated 
j 8 . The 2 :4-dimethyl-eompound crystallises in white needles, M.pt. 
194° (/., readily soluble in hot water or alcohol, sparingly soluble in 
ether. Heating with alkali gives m-xylene and phosphoric* acid. The 
barium, cadmium and nickel salts all crystallise with one molecuk* of 
water, whilst the silver salt is anhydrous. Nitration of the acids yields 
two nitro-acids, one melting at 182° C. and sparingly soluble, the* second 
melting at 107° C. and readily soluble in the usual solvents. 

2 (or 4)-Carboxy-4 (or 2)-methylphenylphosphinic acid, 

IIOOC _\-P0(0H)2 or CH 3 -<(^ ^^-PO(OH)., 

CHs (liOOH 

occurs when the preceding acid is oxidised at 50° to 00° C. with 
the requisite quantity of alkaline permanganate. It forms colourless 
prisms, M.pt. 202° C., further heating giving phosphoric and toluic 
acids. The acid is tribasic, and its salts are difficult to purify. Phos¬ 
phorus pentachloride converts it into an acid chloride, C 1 C 0 .C 6 H 3 (CH 3 ) 
POClg, a viscous liquid, faintly fuming in air and boiling at 310° C. 

3 : 5-Dimethylphenylphosphinic acid, 

CHa 

-P0(0H)2 

is obtained as described under m-xylylphosphinic acid. It crystallises 
in plates or needles, M.pt. 161° C., more readily soluble in water than 
its isomeride. The nitro-acid melts at 107° C., and is difficult to purify. 
Oxidation gives 3 (or 5ycarboxy-5 (or SyTnethylphenylphosphinic acid, 

1 WeUor, Ber., 1887, 20 , 1718; 1888, 21 , 1492. 
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melting at 220° C., the acid chloride ol which is a viscous oil, B.pt. 
249° C. at 147 mm. 

p-Xylylphosphinic acid,^ 

Ciln 

^K)(OH), 

(;h, 

forms colourless needles, M.pt. 179° to 180° C., moderately soluble in 
water, readily soluble in alcohol. When heated above its melting- 
})oint it is deeomj)osed into p-xylene and ])hos}>horic aeid. The acid 
potassiutn salt, (CH 3 ) 2 C'<.Il 3 .P 03 HK, and the barium salt, (CH 3 ) 2 C-eH 3 . 
PO^Ba, both form white, pearly plates. Nitration yields a mononiiro- 
acid, consisting of colourless needles, M.pt. 224° C., exploding on strong 
heating. 

2 (or 5)-Garboxy-5 (or 2)-methylphenylphosphinic acid, 

COOH 

j_ 

occurs wdien the pr(*ceding compound is oxidised by alkaline perman¬ 
ganate. It forms slender yellow needles, M.pt. 278° C., heating above 
this temperature causing deeoni])osition into p-toluie and })hosphoric 
acids. Phosphorus ])entaehoride converts it into the acid chloride, 
(ClCO.Cgll 3 .('H 3 )POCl 2 j a colourless, crystalline mass, fuming in air. 

Pseudocumylphosphinic acid or 2 \ 4 : o-Trmcthijlphenyl- 
phosphinic acid, ^ 

CHj 

Decomposition of the corresponding tetrachloride by wat(‘r yields 
the* aeid as white, glistening plates or long, colourless needles, M.pt. 
212° i\, readily soluble in hot water or dilute alcohol, insoluble in 
benzene. Bromine in the presence of water gives phosphorier aeid 
and tribroniop.vewiceumene, while chlorine has a similar action, except 
that traces of the ehloro-aeid {vide infra) also occur. The acid 
potassium salt, C'gllji.POaHK, forms white, matted needles ; the acid 
barium salt, (C 9 Hii.P 03 li) 2 Ba, crystallises in glistening needles ; the 
acid nickel salt, (C9Hi|.PC53H)2Ni.4H2D, sej)arates as bright green, 
glistening plates ; and the neutral silver salt, C 9 Hii.P 03 Ag 2 , is a white, 
caseous precipitate. 

6 -Ghloro-2 : 4 : S-trimethylphenylphosphinic acid, 

CH3CI 

CH3-<Q yvO{OR), 

^ Michaelis and Paneck, Annalen, 1882, 212 , 238; Ber., 1880, 13 , 653; Weller, Ber., 
1888, 21 , 1492. 

2 Michaelis, Annalen, 1897, 294 , 7; Rothe, Inaug, Dissert, Rostock, 1892; Uster, Inaug. 
Dissert, Rostock, 1896. 
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The preceding acid in acetic acid solution is chlorinated until a test 
portion docs not give a clear solution in sodium hydroxide, this indicating 
that decomposition is taking place into phosphoric acid and chlorinated 
p.scwdocumenc. The solution is then evaporated to dr 3 mess, the 
residue treated with ammonium hydroxide, the liquid filtered and the 
acid precipitated from the filtrate by the addition of hydrochloric acid. 
Recrystallisation from alcohol and then acetic? acid gives white needles, 
M.pt. C., readily soluble in alcohol, ether or boiling ac^etic* ac*id, 

sparingl}^ soluble in boiling water. The acid phenylhydrazine salt 
forms small needles from al(*ohol, M.j)t. 197*5° C. 

6-Chloro-3-nitro-2 : 4 : 5-trimethylphenylphosphinic acid, 


CH3OI 

i I 



NOg CH3 


occurs when the preceding compound is added to strongly cooled 
fuming nitric acid and the solution poured into water. After filtering 
and saturating the solution with ammonia, lead acetate is added to 
precripitate the lead salt. This is filtered off, washed with (!old water, 
suspended in alcohol slightl^^ acidified with hydrochloric acid, and 
treated with hydrogen sulphide. The lead sul])hi(lc is removed, the 
filtrate evaporated to dryness and the residue recrystallised from cold 
w^ater. Long flat needles of the acid arc deposited, M.pt. 227° to 
228° C., exploding on rapid heating and readily dissolving in the usual 
organic solvents. 

3 : 6-Dinitro-2 : 4 : 5-trimethylphenylphosphinic acid, 


P0(0H)3 


Pseudocumylphosphmic acid is dissolved in cold fuming nitric acid ; 
a violent reaction occurs, and after twelve hours the excess of nitric 
acid is evaporated off and the residue reerystallised from hot water. 
The dinitro-acid forms small white crystals melting with decomposition 
at 289° U., readily soluble in alcohol or ether, hot acetic acid or boiling 
chloroform, whilst the solution in ammonium hydroxide is very deep 
yellow. The acid is dibasic, and its salts, which are as follows, are 
not decomposed by dilute acetic acid : acid phenylhydrazine salt, 
small needles, M.pt. 240° C. ; acid anilide, glistening white needles, 
M.pt. 273° C. with decomposition ; copper salt, C 9 H 9 (N 02 ) 2 P 03 Cu.Il 20 , 
small greenish needles; silver salt, C 9 H 9 (N 02 ) 2 P 03 Ag 2 , colourless 
needles, soon darkening in air; acid silver salt, C 9 H 9 (N 02 ) 2 P 03 HAg, 
small white plates. 

5-Garboxy-2 : 4-dimethylphenylphosphinic acid, 

COOH 

CH,-/ \-PO(OH), 

in, 

One molecular proportion of p^^wdocumylphosphinic acid is partially 
oxidised by two molecular proportions of potassium permanganate 


CH 3 NO. 



NO2OH3 
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when the mixture is heated at 60° to 70° C. for twenty-four hours. 
The product is a white, spongy powder, M.pt. 258° C., soluble in alcohol, 
but sparingly soluble in cold water. When strongly heated it 
decomposes, yielding ])hosphorie acid and dimethylbenzoie acid 
(COOH ; CH., : CH 3==1 : 2 : 4), M.pt. 126° C., which proves the 
structure of the phos])hinie acid. The silver salt is a white powder, 
sensitive to light. 

2 : 5-Dicarboxy-4-methylphenylphosphinic acid, 

(JOOH 

I.. 

(!K„< V()(<)H), 

cooir 

occurs when four molecular proportions of permanganate are used in 
the preceding preparation. The acid produced is a very liygroseoj)ic 
3 ^ellow powder, M.])t. 185° to 190° C'., and probably has the structure 
indicated. 

Mesitylphosphinic acid, 

CH3 

CH, 

forms long transpar(‘nt needles, M.pt. 167° C., sj)aringly soluble in 
cold water. When heated above its melting-})oitd the acid gives 
j)hosphoric acid and mesitjderu*. It yields the I’ollowing salts : ammon¬ 
ium salt, C 9 lI^j.P 03 lI(NIl 4 ), line, four-sided needles ; barium salt, 
small needles ; silver salt, white jdates ; nickel salt, larger green crystals 
containing eight molecules of water. 

6-Garboxy-2 :4-dimethylphenylphosphinic acid, 

COOH 

_I 

_)> P0(()H)2 

Cih 

occurs as a white, amorphous powder, melting with decomposition at 
245° C., readily soluble in alcohol, insoluble in ether. WTien heated 
above its melting-point it yields ])hos])horic acid and mesitylcni(* acid, 
M.pt. 166° C. The silver salt, (Cll 3 ) 2 (COOAg)C 9 H 2 .PO(OAg) 2 , is 
white and affected by light. The above composition is assigned to the 
acid since the methyl group in the p«ra-position to the phosphinic 
grouping does not appear to be oxidised before the other methyl groups 
in the ring judging from the ease of p,?mdacumylphosphinic acid, 
p. 117.1 

2 :6-Dicarboxy-4-methylphenylphosphinic acid, 

COOH 

_^1 

OH3-/ \-PO( 011)3 

600 II 

sinters at 215° C. and melts at 255° C. It is a hygroscopic powder, 
giving phosphoric and uvitic acids on strong heating. The silver salt 
is a stable, white powder. 

^ Author. 
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a-Naphthylphosphinic acid,^ 



is obtained by heating' nicrcaiiy di-a-naplithyl and pbosi)horus tri¬ 
chloride together at 200° C., or by liydrolysis oi‘ the eorres])onding 
tetraehloride.- In th(' first method the melt, aj’t(‘!* tiltering and treatitig 
with chlorine, is deeom])osed by water. The acid forms bushy needles, 
M.j)t. 190° C., density 1-435,** yielding naphthaleiu^ and inetaphos})horie 
acid on strong heating. The silver salt is soluble in ammonia and nitric 
acid. 

Diphenylmethanephosphinic acid,^ 

forms long, colourless needles, M.pt. 100° C., heating above this tempera¬ 
ture giving di])h(*nylmethane and meta])hosphori(‘ acid. The following 
salts are known ; potassium salU ammonium salt, hariuni salt (II2O), 
cobalt salt (^llgO), copper salt, lead salt, silver salt and phenylhydrazine 
salt, M.pt. 187° C. Oxidation with permanganale gives the following 
derivative. 

Benzophenonephosphinic acid, 

occurs wlien the ])reeeding compound is treated with alkaline potassium 
permanganate at 50° C. for ten days. It separates in ])early ]dates, 
M.pt. 204° C., readily soluble in alcohol, insoluble in water. Having 
ketonic; as well as acidic j)roperlies, tlu* acid forms a eom])ound with 
phenylhydrazine, c*onsisting of white jdates, M.pt. 124° C. The ethyl 
ester is a viscous yellow oil, and forms an oxime. Silver, ammonmm 
and lead salts are known. All these derivatives when strongly heated 
yield benzophenone and metaphosphorie acid. Phosphorus penta- 
(‘hloride reacts with the acid as follows :— 

f 3POC13+21IC1 

The oxychlorophosplmie thus obtained forms a white, crystalline mass, 
M.pt. 04° C., B.pt. 258° C. at 15 mm., which soon decomposes in the 
air, and when gently warmed with water gives benzophenonephosphinic 
acid, the carbon-bound chlorine atoms being replaced by oxygen. 

Dibenzylphosphitiic acid,^ 

y PO(OH), 

forms colourless plates, M.pt. 250° C., decomposing in the usual manner 

1 Kelbe, Ber., 1876, 9 , 10.5]. 

2 Lindner and Sirecker, Monatsh., 1929, 53 and 54 , 274. 

® 8 ohroedcr, Ber., 1879, 12 , 561. 

* Michaelis, Annalen, 1901, 315 , 45; Giisewell, Inaug. Dissert. Rostock, 1895. 

6 Michaelis, Annalen,, 1901, 315 , 50. 



AROMATIC PHOSPHINES AND PHOSPHONIUM COMPOUNDS. 121 


on hcatini; and forming benzoic acid and p-carboxyphenvlphosphinic 
acid on oxidation: 

CgHB.I'Ha.UHa.I ,jH,.PO(OH) 2 +50 -('ellBCOOH 

+ ('OOri.U8H4.PO(OH)2 + HjjO 

Diphenylphosphinic acid,^ 

\ . \../ 

This acid is most readily produced by dissolving diphenyk^liloro- 
phosjdiine in hydroelilorie aeid and boiling the solution with nitrie aeid. 
From hot eoneentrat(‘d nitrie aeid it crystallises in long, hair-like, 
snow-white needles, melting at about 190° (\, density I it also 

dissolves in alcohol, but is insoluble in wat(‘r. The silver salt forms white 
silky needles from water. 

3 : 3'-Dinitrodiphenylphosphinic acid,^ 

_J>- PO(()ii)-<^ ^;> 

NUa N(>2 

oetairs wlu'n “ mixed aeid ” reacts with diphenylphos})hini(! aeid. 
The product is a yellow, amorphous powder, M.pt. 268° F., only sparingly 
soluble in the usual solvents. The arnmonlum salt forms small yellow 
columns, M.pt. 200° F., whilst the potassium, barium (GJIgO), silver 
and lead salts are also known, lleduetion of the aeid by tin and hydro¬ 
chloric aeid yields 3 ; 3'-diaminodiphenylphosphinic acid, consisting of 
small browii crystals decomposing at 276° F. 

Di-p-tolylphosphinic acid/ 

l'0(OH)-<^_^ CH, 

When the corres})onding trichloride is treated with water this aeid is 
produced, and erystallises from dilute alcohol as fine, colourless needles, 
M.])t. 135° F. The barium, lead, copper, silver and 
salts are known. Nitration in the usual manner yields 3 : 3'-dmitro- 
4 : 4'-dimethyldiphenijlph.osphirtic acid, 



forming line, yellow needles, M.pt. 194° F., readily soluble in alcohol 
or ether, insoluble in water, and giving a white silver salt. Oxidation 
of di-/j-tolylphosphinie aeid with the requisite amount of alkaline 
j>otassiuni permanganate solution produces 4-rriethyl~4'-carboxydiphenyU 
phosphinic acid, 

CHa rO(OH)—^-COOH 

a white crystalline powder, melting above 300° C. 

^ Michadis and Graeff, Ber., 1875, 8 , 1304; Michaclis, Ber., 1877, lo, 627; Michaelis 
and Link, Annalen, 1881, 207 , 193. 

2 Schroeder, Ber., 1879, 12 , 561. 
a Dorken, Ber., 1888, 21 , 1505. 

* Michaelis, Annalen, 1901, 315 , 63. 
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Di-p-tolylthiophosphinic acid,^ 

CH, <;^ \-P.S(.SH)- ^ 0H3 


The free acid is unknown, but by heating the corresponding phospiiine 
with water in a sealed tube at 130® to 140® C., a sulphoxide results, 
[(C7H7)2PS]20. This separates as glistening cryvStals, M.pt. 165° to 
166® C., sparingly soluble in cold alcohol, readily soluble in hot al(*ohol 
or ether, sparingly soluble in w^atcr, insoluble in sodium or ammonium 
hydroxide. When heated with water at 180® to 190® C., hydrogen 
sulphide is evolved and di-p-tolylphosphinic acid results. The follow- 
ing d(Tivatives of di- 7 ;-tolylthiophosj)hinie acid are known : amide, 
(C 7 H 7 ) 2 PS.NH 2 , a mierocrystalline powder, M.pt. 139® ('. ; anilide, 
(C 7 H 7 ) 2 PS.NIICgH 5 , fine, matted needles, M.pt. 152® C. ; 'phenyl- 
hydrazide, (07117)31^8.NH.NHC^gHg, fine needles, M.pt. 135-5® 0. ; 
piperidide, (C 7 H 7 ) 2 PS.NC 5 Hi(j, long needles, M.pt. 134® C.; diethylamide, 
(C 7 H 7 ) 2 PS.N(C 2 H 5 ) 2 , hard compact crystals, M.pt. 177® to 178® C. ; 
ethyl ester, (C7H7)2PS.0C2H5, M.])t. 41® to 42® C. ; phenyl ester, 
(C 7 H 7 ) 2 PS.OCgH 5 , small crystals, M.pt. 135® C. 

Di(p-ethylphenyl)phosphinic acid,^ 


-PO(OH)- 




occurs as a by-product in the preparation of p-ethylpheiiyldi(;hloro- 
phos})hine by the Friedel-Crafts reaction. It is a })ale yellow oil, isolated 
by decomposing its copper salt with concentrated hydrochloric* acid. 

Dibenzylphosphinic acid,^ 


)> -C'H3.rO(OH).CH3-<;^ )> 


The formation of this acid has already been described under benzyl- 
phosphinic acid, p. 115, the white crystalline mass mentioned in that 
preparation being extracted with potassium hydroxide and precipitated 
with hydrochloric acid. From hot alcohol it crystallises in shining 
scales, M.pt. 191® C., readily soluble in hot nitric acid, not very soluble 
in the usual solvents. It is only a feeble acid, as it docs not turn blue 
litmus red or liberate carbon dioxide from carbonates. The potassium 
and silver salts are known, the latter reacting with methyl iodide to 
form the methyl ester, consisting of bushy, silky prisms, M.pt. 75® C. 
Nitration produces 4 : 4'-dinitrodihenzylphosphinic acid, forming colour¬ 
less needles, M.pt, 225® to 226® C.^ 

Dipseudocumyiphosphinic acid,® 


CH, 


CH: 


CH. 

_I ' 

PO(OH)—/ Vi 

CH, 


CH. 


is present in the residues obtained in the preparation of pseudocxxmyl- 
dichlorophosphine, p. 85, and is extracted by petroleum ether. The 

^ Michaelis, Annalen, 1901, 315, 66. * Michaelis, Annalen, 1896, 293, 220. 

• Litthaoer, Ber., 1889, 22, 2144. 

* Challenger and Peters, J. Chem, Soc,, 1929, p. 2610. 

‘ Michaelis, Annalen, 1897, 294, 25; Rothe, Inaug, DisserL Rostock, 1892; Uster, 
ibid,, 1896. 
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extract is decomposed by water, and the resin obtained is heated under 
reflux with alcohol and the liquid filtered. The faint yellow filtrate 
gives crystals which on ]3uriflcation form strongly refractive crystals 
of the raonoclinic system, M.pt. 202° to 203° C., soluble in hot alcohol, 
acetic acid or boiling benzene, insoluble in water. Bromine in the 
presence of water decomposes the acid into trihroinopseiidocmriene 
and orthophosphoric acid. The following salts are known : potassium 
salt (HgO), glistening matted needles ; ammonium salt ( 2 H 2 O), white 
needles ; barium salt (CHgO); lead salt, white precipitate ; acid and 
neutral silver salts, white precipitates; copper salt (lOll^O), bright 
blue powder ; nickel salt (lOHgO), bright green powder ; cobalt salt, 
a dark ultramarine-blue powder. Oxitlation of dipseudocumyl- 
phosphinic acid (I mol.) with 4 equivalents of potassium per¬ 
manganate yields a di-carboxydinwthyldiphenijlphosphinic acid, 
(C 8 Hg.COOIi) 2 PO(OH), a white, powdery mass, M.pt. 185° C., 
sparingly soluble in boiling water, readily soluble in alcohol, and 
giving a silver salt as a light, stable powder. 

Dicumylphosphinic acid, 

<(^^-PO(OH)-/^)> C3H, 

is a white powder, which turns brown on heating and is easily soluble 
in alcohol or ether, insoluble in water. The copper salt is a pale blue 
powder. 

Di-a-naphthylphosphinic acid,^ 



This acid occurs to some extent in the preparation of a-naphthyl- 
phosphinic acid (p. 120), and it may also be obtained from the latter 
by boiling with water. It crystallises in colourless warty groups of 
needles, M.pt. 202° to 204° C. It liberates carbon dioxide from 
carbonates and may be precipitated from alkaline solution by the 
addition of acids. 

Dicamphorylphosphitiic acid,^ 

yC H-PO(OIl)—CIU 

t'sH.Z I I >sH,, 

\CO CO/ 

To the sodium camphor obtained by the solution of 75 grams of camphor 
and 7*5 grams of sodium in 200 c.c. of toluene, 29 grams of phosphorus 
trichloride diluted with twice its own volume of toluene are slowly added 
with shaking. Heat is developed and the mass at first partially solidifies, 
then becoming mobile again, after which it is allowed to stand for one 
hour. It is then heated gently for thirty minutes and left overnight at 
room temperature. Water (30 c.c.) is added to the cooled reaction 
mixture and the aqueous layer separated off. The toluene layer is 
extracted with 2N sodium hydroxide solution, and the cooled alkaline 
extract acidified with 2N hydrochloric acid, when the crude product thus 
obtained tends to become viscous. Further portions of crude product 

1 Kelbe, Ber., 1878, ii, 1499. 

* Morgan and Moore, Trans. Chem. 80 c., 1910, 97 , 1697. 
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arc* obtained by evaporation of tlic first aqueous extract and the filtrate 
from the preci})itated acid, the residue bein^ extracted with alcohol. 
The acid, which do(‘s not crystallise wc^ll, deposits (*olourless nodular 
crystals from alcohol, decomposing* at 283"^ C., [aji) 151*1°. It is only 
spariri[)ly soluble in water, ether or light petroleum, but readily soluble 
in warm benzene, toluene, chloroform or alcohol. The sodnnn, lithium^ 
silver, vadmiwm, copiJcr and lead salts arc^ known. 

Phenylmethylphosphinic acid, (CgIl 5 )(Cll 3 )P().OII, may be 
isolated by treating an aqueous solution of phenyldipij^eridylrnethyl- 
])hosphonium iodide with moist silver oxide, the hydroxide obtained 
j)eing heated for sc\'eral hours at 150° C.^ The residue is dissolved in 
a little water and the silver salt of the acid precipitated by adding a 
concentrated solution of silver nitrate, the free acid being liberated by 
hydrochloric acad. A modilicatioji of this ])roeess ^ consists of heating 
phenyldipiperidylinethyl[)hos])honium hydroxides at 150° C. for three 
to four hours, evaporating the residue with ammonium hydroxide on 
the water-bath lintil no more ammonia is evolved, then filtering and 
forming tlie silver salt by the addition of silver nitrate. The silver salt 
is accurately pr('cipitat(‘d by hydrochloric* acid, the filtrate from the 
silver chloride giving the free acid in 75 per cent, yield on evaporation 
on the water-bath. 

The* acid forms white nc*c‘dles, M.pt. 133° to 134° C. The l-menthyl- 
amine salt, (CgIl 5 )(CHy)POjjH.C|QlIx 9 NII. 2 , separates as long, c*olourksss, 
feathery needles, M.pt. 188° to 180° U., \Try soluble in water or alcohol, 
less soluble in ethyl acetate, sj>aringly soluble in acetone ; the cin 
chonine salt, (P 9 ll 5 )((ll 3 )P() 2 H.C!i 9 H 220 N 2 . 2 ll 20 , fonns small, c*olour- 
less needles, melting at 170° to 172° P., soluble* in alc'ohol or hot bc‘nzc‘nc% 
sparingly soluble in ethyl acetate ; the einchonidine salt, (CgH 5 )(CH 3 ) 
PO 2 H.C 19 II 22 ON 2 . 4 H 2 O, yields beautiful colourless prisms, M.pt. 
154° C., very soluble in alc*ohol, benzene or boiling water, sparingly 
soluble in ethyl acetate cjr c*olcl water ; the qumine salt, (CqH 5 )(CH 3 ) 
P 02 H.C 2 pH 2402 ^ 2 * 0120 , bcgiiis to melt at 85° ('., the anhydrous 
salt melting at 104° to 100 ° C., and is readily soluble in alcohol, hot 
ethyl acetate or water, sparingly soluble in cold water ; the hydroxij- 
hydrindamine salt, 

. - CH 2 -X 

\ CH(OH)—/ 

forms light silky needles, decomposing at about 170° C. without medting, 
and readily soluble in alciohol, sparingly soluble in ethyl acetate or 
acetone ; the l-hydroxyhydrindamine salt decomposes at 175° C. and 
has similar properties to the foregoing salt. 

Phenylmethylphosphinic acicl (15 grams) combines with thionyl 
chloride (25 c.c.) when heated with it under reflux for thirty minutes 
on the water-bath; a 94 per cent, yield of yhenylmethylphosphmyl 
chloride, C 9 H 5 (CH 3 )P 0 C 1 , results.^ The product is a colourless liquid, 
B.pt. 155° C. at 11 mm. or 167° C. at 22 mm., fuming in air and having 
an odour reminiscent of thiocarbonyl chloride. It reacts vigorously 
with water, yielding phenylmethylphosphinic acid. It combines with 

^ Michaelis, Annalen, 1896, 293 , 220. 

* Popo and Gibson, Trans, Chem. Soc., 1912, loi, 740. 

® Gibson and Johnson, J. Chem. Soc,, 1928, p. 92. 
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aniline, ^?iving j)henyl7nethylphosphinanilide, (iolourlcss needles, M.pt. 
142° C., and with absolute alcohol to ^nve ethyl phenyhnethylphos- 
2 )hinate, CgH 5 ((!H 3 )P().OC 2 H 5 , a colourless, highly reiractive li(]uid, 
143° C. at 11 nun., the paraehor \P\ being 417*8 (for scinipolar 
double bond) and 442-1 (for Tion-polar double bond). Th(' methyl ester 
boils at 187° C. at 11 nun. 

Phenylisobutylphosphinic acid,^ ((\jn 5 )(C- 4 H 9 )FO.OH, occurs 
when ivebutyl iodide reacts with di-?!.vobutyl phenylphosphinite at 160° 
C. in a sealed tube. It melts at 64° to 65° C., but its salts with the 
alkali metals or alkaloids arc not crystalline. 

Phenyltriphenylmethylphosphinic acid, (CgIl5)[(C9n5)3C| 
PC).on, is obtained when the isohntyl iodide in the foregoing reaction 
is replaced by triphenylmethyl bromide. It melts at 287° to 288° C., 
but does not yiekl crystalline salts. 

Phenylhydroxyethylphosphinic acid, ((!eIIr,)f(lI(OII)CH3] 
P().OH.2—One molecular proportion of plu-nyldichlorophosphine is 
allowed to react with acetaldehyde (1 mol.), thf- mixture being cooled 
in ice. After coin])letion of the reaction the mixture is poured into 
a large bulk of wat(‘r and evaporated down with freipient additions of 
water. An oil results which crystallises in stellate groups of needles, 
M.])t. 101° C., soluble in water but insoluble in ether. The barium salt 
contains four molecules of water of crystallisation aiul separates in 
needles. Propyl aldehyde and /.vobutyl aldehyde are said to react in a 
similar manner to acetaldehyde, Init the products are non-crystallis- 
able oils. 

Phenylhydroxybenzylphosphinic acid, (UgIl5)[UII(OII)UgllB] 
PO.OH, occurs wdien the acetaldehyde' in the- foregoing reaction is 
replaced by ben/aldehyde. It is a wliite, granular ])owder, M.])t. 112° 
to 114° (\, and its barium salt (Il20) crystallises in plates. 

Phenyltolylphosphinic acid, (CgH 5 )(C 7 ll 7 )PO.OH, crystallises in 
fine needles, M.pt. 116° U., yielding on nitration with fuming nitric 
acid a diiiitropheriyJtolylphosjyhinic acid, (UgH 4 .N() 2 )(U 7 Hg.N 02 )P 0 . 0 H, 
consisting of small yellow needles, M.pt. 205° U., which explode on 
direct heating. 

Phenylpseudocumylphosphinic acid, (CJl5)(U9llij)P().OII, 

forms needles, M.pt. 181° V. It yields a phenylhydrazine salt, white 
needles, M.])t. 140*5° U., and a triniiro-derivative, vellow prisms, M.pt. 
197° to 198° C. 

p-Tolylmethylphosphinic acid, (CH 3 .Cgll 4 )(CH 3 )PO.OII,*^ occurs 
when methyl-jP-tolyldipiperidine-N-phosphonium iodide is heated at 
180° C. It forms white needles, M.pt. 120° C., readily soluble in alcohol, 
sparingly soluble in water, and gives a sihoer salt, crystallising in pearly 
plates. 

Tolylbenzylphosphinic acid, (C7ll7)(C6ll5.ril2)P0.01I, is iso¬ 
meric with ditolylphosphinic aeid.^ When tritolylphosphine and benzyl 
chloride are heated together for five to seven hours at 170° C., an oily 
phosphonium compound results. The latter yields a diphenoxy- 
derivative when shaken with cold dilute sodium hydroxide solution, 
and subsequent treatment with water gives the phenyl ester of the acid : 

^ Arbusoff and Arbusoff, J. Russ. Phys, Ohem. Soc., 1929, 6 i, 1905. 

8 Holle, Inaug. Dissert. Rostock, 1892. 

* Michaelis, Ber., 1898, 31 , 10,37. 

* Michaelis, Annalen, 1901, 315 , 70. 
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+ HgO = NpO.OCeHs + HC1 + 

{Celhoy/ \ci CeHs.CH/ 

This estcT separates from aqueous alcohol as small, white crystals, 
M.pt. 120° C., soluble in benzene or petroleum ether. It is converted 
into the acid by heating under reflux for several hours with (concentrated 
alcoholic potassium hydroxide. The acid crystallises from alcohol as 
white, glistening needles, M.pt. 145° C., soluble in ether or benzene. 
The silver salt is a ]:)urc white crystalline powder, becoming dark on 
exposure to light. 



CHAPTER III. 


MISCELLANEOUS PHOSPHORUS COMPOUNDS. 

Compounds derived from Aldehydes and Kr/roNfis. 

The Reaction between Phosphorus Trichloride and Unsaturated 

Ketones. 

When phosphorus trichloride is condensed with aj8-unsaturated 
ketones in glacial acetic acid solution and the mixture is diluted with 
water, j3-ketophosphinic acids are obtained.^ On replacing the acetic 
acid by acetic anhydride it has been shown that the addition takes 
[)]acc at the 1 : 4-position, as follows : ^ 

C^Hs.CH == CH.CO.Cells + PCI3—>CeH,.CH-( H 


CI3P--O 

Phosphorus trichloride, bcnzal acetophenone (phenyl styryl ketone) 
and acetic anhydride react at room temperature forming acetyl chloride 
and a compound which yields a kctophosphinic acid with water. The 
intermediate product is a thick oil, supposed to be a mixture of the 
a(?id chloride I and the acid anhydride II, both of which are de(;omposcd 
by water to form the })hosphinic acid : 




CeHg.CH-CH - C.C^H^ 

II 

Product I is formed if 1 mole<*iilar equivalent of acetic anhydride 
is used ; excess of the anhydride leads to the production of varying 
amounts of product II. Both the compounds are unsaturated, and the 
position of the double bond is ascertained by treating the substances 
^ Conant, J, Amer. Chem. 80c., 1917, 39 , 2679. ® Conant and Cook, ibid., 1920, 42 , 830. 
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with bromine and acting upon the dibroinide with water, wiien 
deeoinposition takes })laee and a ^-bronioketo])hosp]nnie aeid (III) 
and hydrogen bromide arc formed. Tims, in the ease of I : 


Celb-Cn-CH..C.CJb 

I I 

CIV -O 4Br„ 


Cdb-CR-CllBr.CBr.CftHfi 

I I 

0i_ i>- () 


2 ?bO 


O 


r CAi.XMl - CH Br.CBr.CeH5 

I I I 

1 HO-~P—OH OH 

i il 

L 0 


O 

- CHBr.CXJ.CeH., 

I I HBr 

HO- r OH 


0 


III 


If the anhydride II is used, the reaetions are essentially the same as 
thos(! indicated in the foregoing selieme. 

The eomj)ound I gives rise to two substances when treated with 
))henol, a monophenyl ester (IV), and a pluaiyl est(‘r of an unsatnrated 
eyelie aeid (V) ; 

cji^.cii cn^c.(«iu, rCfiiivCii ciio.co.cjv 

I I ■ i ‘ I 

( -o - I (I P oc.ll, 

II i C^H^OH I |l 

o L 0 j 


C; 






-CH=^C.C«H, 

I 

o 


C«H5.C II ( H,.C O.C eHs 

no p ocyis 


V 


o 


IV 


The ester V combines with bromine and is therefore unsaturated ; 
it may also be conv erted by acids or bases into the monophenyl ester 
of the keto})hosphinie aeid. The ring is ujore stabh' in the ease of the 
ester than the aeid chloride, and the position of the double bond may 
be shown by transforming the bromine addition product into a mono¬ 
phenyl ester of the jS-brornoketophosphinie aeid (VI) : 


CflHft.Cll-CH - C.CeHj 

I I 

CelhO-P-o H-Br^ 

II 

O 

nci at 100“ c. 
or 

NaOlT in alcohol 

CeH^.CH-CH2.CO.CeHB 

CeHftO—P—OH 


C^eHB.CH-CHBr.CIir.CeHB 

CeHeO—P-O 

II 

O 

1 I 2 O 

CellB.Cll-CHBr.CO.CeHe 


CeHeO—P—OH 

II 


VI 
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The foregoing schemes prove that the intermediate product formed when 
acetic anhydride is used consists of a mixture of two unsaturated cyclic 
compounds, both containing the linkage 


-c—c-c— 



jS - Benzoyl - a - 4 - methoxyphenylethylphosphinic acid , CH3O. 
C 6 PI 4 .CH[PO(OH) 21 .CH 2 .CO.CqH 5 .—19 grams of phenyl p-methoxy- 
styryl ketone (anisal aceto])henone) are partly dissolved in 40 c.c. of 
glacial acetic acid and 14 grams of phosphorus trichloride added. 
The ketone dissolves and the solution becomes red. Aft<^r standing 
overnight the mixture is poured into 500 c.(*. of water, an oil separating 
out and solidifying on stirring. The product is dissolved in aqueous 
sodium c‘arbonatc solution and extracted Avith ether, the latter remox ing 
a small quantity of yellow material. Acidification of the solution gives 
an 89 per cent, yield of the phosphinic acid. The acid forms small, 
colourless needles, M.])t. 189° C., soluble in alcohol, s])aringly soluble 
in boiling water, practically insoluble in cold water or ether. It yields 
an oorimcy which is a crystalline solid, melting with slight decomposition 
at 156° C. The acid does not react with bromine in cold chloroform 
solution and cannot be hydrolysed by 50 per cent, sodium hydroxide 
or heating xvith concentrated hydrochloric acid. It forms a crystalline 
soditirn salt^ soluble calcium and barium salts^ and insoluble silver and 
lead salts. 

j8-Benzoyl-a-phenylethylphosphinic acid, C 6 ll 5 .CH[PO(OH) 2 ]. 
CHg.CO.CgHg.—This acid occurs when the phenyl p-methoxystyryl 
ketone in the preceding preparation is replaced by phenyl styryl 
ketone (benzal acetophenone). The product contains 0*75 molecule 
of water of crystallisation, which is lost at 116° C. when the compound 
melts. 

jS - Ginnamoyl - a - phenylethylphosphinic acid, 

CeH5.CH[PO(OH)2].CH2.CO.CII = CH.C3H5 

occurs when distyryl ketone (dibenzal acetone) is used in the reaction. 
It contains 1 *25 molecules of water of crystallisation, which it loses at 
108° C. It reduces potassium permanganate solution and combines 
with bromine in cold chloroform. 

j 3 -Bromo- jS-benzoyl -a -phenylethylphosphinic acid, Celig. 
CH[PO(OH) 2 ].CHBr.CO.C 0 H 5 , may be obtained by brominating 
jS-benzoyl-a-phenylethylphosphinic acid or by bromination as shown 
on p. 128 (compound III). It is a white, crystalline solid, M.pt. 196° C., 
converted by sodium carbonate, bicarbonate or hydroxide into phenyl 
styryl ketone, sodium bromide and sodium phosphate. When a 
boiling chloroform solution of the bromo-acid is treated with 1 
equivalent of thionyl chloride, it yields the acid chloride, which with 
phenol gives the monophenyl ester, a crystalline product, M.pt. 179° C. 
The ester is best obtained by brominating phenyl j3-benzoyha-phcnyl- 
ethylphosphinate described overpage; it forms a sodium salt with 
cold dilute sodium hydroxide, but if the reaction be carried out with 
VOL. XI.: III. 9 
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warming, decomposition takes place with formation of phenyl styryl 
ketone. 

Phenyl jS-benzoyl-a-phenylethylphosphinate, CgH5.CO.CH2. 
CH.CeH 5 .[PO(OH)JOC 6 H 5 .—The phosjdiinie acid is treated with 1 
equivalent of thionyl chloride and the resulting acid chloride heated 
with phenol. The ester is a crystalline product, M.pt. 146"^ C. 

Diphenyl j8-benzoyl-a-phenylethylphosphinate results in small 
amount during the preceding reaction, but is obtained in better yield 
by using 2 equivalents of thionyl chloride and 2 ecpiivalents of phenol. 
It nia}^ be crystallised from alcohol, and melts at 125 " C. It is readily 
hydrolysed to the mono'phenyl ester by cold sodium ethylate, and both 
e sters are hydrolysc'd to the free acid by warming with aqueous sodium 
hydroxide. 


The ]\Iechanisni of the Reaction of Phosphorus Trichloride 
with Benzaldehyde, ^ 

Whereas in the preceding sec‘tion thc^ phos|)horus addition took 
])laee at the 1 : 4-j)osition, the addition here is at the 1 : 2-position, as 
follows :— 

+r('l3 1 

Only about 80 per cent, of the addition product is formed, the rca(*.tion 
being reversible and the factors governing the ecjuilibrium being capable 
of expression in terms of tlie law of mass action. The values ob- 
taim'd for the equilibrium cionstant vary from 0-9 to 8 * 8 , the average 
being 7-4. The? product is converted by water into the corresponding 
phosphinie acid : 

CeHo.CII/ I +3ll20-C6H5.{ai0H+3HCl 

\PCI3 I 

PO(()H)„ 


Tlic addition product reacts with a(*ctic aniiydride to form acetyl 
chloride and a mixture of an acid chloride ( 1 ) and an acid anhydride 
(II), a large excess of acetic anhydride co 7 ivcr 1 ing most of (I) into (II): 

/O ,o 

CoHj.cik; I +(cii3.(:o)„o-C3H6.cii< | +2CII3COC1 
\pci3 “ ^POCl 

I 


2 C„H,.CH< 


/O 


^PCL 


+ (cn 3 .co) 30 - 


CeH3.CH< 


Tl 


/O 

^PO 


0 + 2 CH 3 COCI 

2 


The mixture of acid chloride and anhydride remains as a gum after 
removing the acetyl chloride and excess of acetic anhydride. This 
gum when treated with water yields hydrogen chloride and a monobasic 
acid containing a three-membered carbon-oxygen-phosphorus ring, and 
the name '‘^phostonic ” (Kids is suggested for acids of this type : 


> Conant and MacDonald, J. Amer. Chem. Sor., 1920, 42 , 2337; compare Page, Trann. 
Chem. Soc., 1912, loi, 423. 
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c«h,.c:h< 


.0 


^POCl 


+H^o=c,ii5.cir 


Hf/ 


o 

I 

^PO.OH 


+ HC1 


The amount of cJilorion thus produced is obviously a measure of the 
amount of acid chloride present in the mixture. The acid is isolated in 
the form of an insoluble barium salt, the structure of which follows 
from the fact that the acid is monobasic and on boiling with water is 
converted into the hydroxyphosphinic acid : 

/O C:6li5.t'110H 

C«H,.CH<;| +H.p=. I 

M’O.OH P0(0H)2 

The cyeli(‘ acid reduces potassium pennangauate slowly, whereas the 
hydroxy-acid is oxidised immediately by this reagent. The three- 
membered ring is much more stable than the eorresponding five- 
membered ring (p. 127) obtained with the unsatnrated ketones ; this 
1‘act may be due to the ])rescnee of the ethylene linkage in the latter 
ring. 

Anhydro-a-hydroxybenzylphosphinic acid, 



10 grams of benzaldehyde, IH grams of phosphorus trichloride and 20 
grams of acetic anhydride arc mixed in a 150 distilling flask fitted 
with a calcium chloride tube, the tem])erature being kept below 40° 
After standing overnight at room temperature, the contents of the 
llask are evaporated at 50° C. and 50 to 00 mm. for 2 hours. A viscous 
residin' weighing 22 grams results, but although soluble in chloroform, 
it cannot be cTystallised from that solvent. This gum witli barium 
hydroxide forms the barium salt of the required acid, and the salt on 
ac'idification gives the free acid, which is ground with w«ater, spread 
on a tile and dried over sulphuric acid. The acid is purified by dis¬ 
solving in alcohol and evaporating down, but about 10 per cent, of 
barium always remains in the product. The acid decolorises perman¬ 
ganate solution only one-seventh as fast as a hydroxyphosphinic ac'id. 
It does not form a crystalline aniline salt when its ether solution is 
treated witli aniline. If 2 grams of the acid be warmed on a steam- 
bath with 75 c.c. of concentrated hydrochloric acid until a clear solution 
results, filtration and addition of dilute sulphuric acid precipitates the 
barium, and the filtered solution when evaporated to dryness yields the 
crude a-hydroxybenzylphosphinic acid. 

a-Hydroxybenzylphosphinic acid, CeIl5.CH(OH)PO(OH)2, may 
be obtained as just described, or as follows ; 10 grams of beiizal- 

dehyde and 14 grams of pliosphorus trichloride arc cautiously mixed 
in a flask fitted with a calcium chloride guard tube. After one hour 
18 grams of glacial acetic acid are added and the mixture allowed to 
stand for three hours. The temperature should be maintained at 
25° to 35° C. during the entire preparation. The mixture is then poured 
into 200 c.c. of water and the liquor evaporated to dryness on the steam- 
bath, The residue is dissolved in a little alcohol and the solution 
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diluted with 100 c.e. of ether. 10 grams of aniline in 10 c.c. of ether 
are added and the aniline salt of the acid filtered off. The yield is 
about 18 grams, or 72 per cent. The aniline salt may be recrystallised 
from alcohol; it melts with decomposition at 201® to 202® C. The 
free acid, isolated from the salt in the usual manner, melts at 170® to 
172® C.^ The acid yields normal and acid barium, salts, 

a-Hydroxyphenanthraquinonephosphinic acid,- 

H 

C\H / * %'(OH).PO(OH), 

\ CO / 

occurs when phenanthraquinonc is digested with phosphorus trichloride. 
It forms flesh-coloured flakes, which appear crystalline under the micro- 
s(!ope and melt at 125® to 128® C. It readily dissolves in water, alcohol, 
ether or glacial acetic acid, forming a deep red solution in the latter. 
Oxidation by permanganate in acid solution yields phenanthraquinonc 
and phosphoric acid. The calcium salt separates as deep green flocks 
when calcium chloride is added to an aqueous solution of the acid. ^ 


The 1 : 4 Addition of Phenyldichlorophosphine,^ 

The addition of phenyldichlorophosphine to phenyl styryl ketone 
(benzal acetophenone) in acetic acid solution yields exactly the same 
types of compounds as are obtained by the use of phosphorus tri¬ 
chloride (p. 127). The structure of the various compounds is proved 
as before by resorting to bromination. The product 

CeHs.CII—CHBr.CO.CeHg 

Cells-P-OH 

II 

O 

contains two asymmetric carbon atoms, so that two racemic stereo¬ 
isomers arc possible ; both may be formed by brominating the keto- 
]r)hosphinic acid or by the action of water on the cyclic dibromide 

CeHfi.CH-CHBr—CBr.CeHB 

CoH,-P-—O 

II 

O 

These two isomeric bromine compounds are stereoisomers and not 
structural isomers, since they are both decomposed by alkaline reagents 
with the formation of benzal acetophenone. The lower-melting isomer 
may be transformed into the higher-melting one by the prolonged action 
of sunlight on its chloroform solution. 

^ Compare Fossek, Monatsh,, 1880, 7 , 20. 

* Fossek, ibid, 

^ Conant and Pollack, J, Amer, Chem, Soc,, 1921, 43 , 1665. 
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Phenyl-j3-benzoyl-a-phenylethylpho$phinic acid, 

CeHg.CH—CH2.CO.CeH5 
CeHg-P-OH 

II 

O 

9 grams of phenyldichlorophosphine in 15 grams of glacial acetic acid 
are treated with 10 grams of phenyl styryl ketone (benzal acetophenone), 
the mixture being cooled in water durii^g the addition. When no more 
solid separates, 70 c.c. of glacial acetic acid are stirred in, and after 
30 minutes the mixture is poured into water. The solid is filtered off, 
washed with alcohol and dried, about 19 grams of crude product being 
isolated. This is purified by solution in aqueous sodium carbonate, 
extraction with ether and precipitation from the aqueous layer by the 
addition of acid. The product is practically insoluble in all solvents, 
but may be recrystallised from its very dilute solution in hot glacial 
acetic acid or ethyl alcohol, the resulting substance melting at 220 ° to 
225° C. with decomposition. Replacing the acetic acid in the foregoing 
reaction by acetic anhydride, the unsaturated cyclic anhydride 

CeH^.CH-CH=C.CeH5 

Cells-P-O 

II 

O 

is isolated in the impure state as a gum which readily reacts with water 
to give the ketophosphinic acid. With bromine the anhydride forms 
an addition product^ which reacts with water to give the two stereoisomeric 
acids described below. 

Phenyl-^-bromo-jS-benzoyl-a-phenylethylphosphinic acid, 

CeHg.CH—CHBr.CO.Cel 1 5 

Cell^—P—OH 

II 

O 

5 grams of phenyl-jS-benzoyl-a-phenylethylphosphinic acid are sus¬ 
pended in 20 c.c. of glacial acetic acid and the mixture raised to the 
boiling-point, when a small amount of bromine is added and the heat¬ 
ing continued until all the colour disappears (after about 5 minutes). 
More bromine is then slowly added, the mixture being kept just off 
the boil; hydrogen bromide is evolved and the solid matter gradually 
disappears. At the completion of the reaction the clear solution is 
poured into 500 c.c. of water and the precipitated solid filtered off 
and dried. The yield is about 6’5 grams of product of M.pt. 160° to 
180° C. Another method of preparation is by bromination of the 
cyclic anhydride followed by treatment with water, as mentioned 
already. The two isomers are obtained from the crude product by 
treating it with 50 c.c. of hot chloroform, filtering and evaporating 
to 20 c.c., then adding petroleum ether, when the lower-melting isomer 
slowly crystallises. Two grams separate, M.pt. 160° to 180° C. The 
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insoluble portion, rccrystallised from ethyl alcohol, yields one gram 
of the higher-melting isomer, M.pt. 195° C. Both isomers dissolve 
in aqueous sodium carbonate and both are decomposed by sodium 
hydroxide, yielding pJienyl styryl ketone. If a chloroform solution 
of the lower-melting isomer, eoiitaining a trace of iodine, be exposed 
to sunlight, the higher-melting isomer separates, but many weeks 
elapse before half the lower-melting body is transformed to tlie higher¬ 
melting one. 


The Interaction of Phosphorus Halides with Distyryl Ketone and 
Phenyl CinnamxjUdene Methyl Ketone^ 

Phosphorus trichloride and phenyidielilorophosphine react with 
distyryl ketone (dibenzal acetone) in acetic acid solution giving 
rcs])ectively jS-cinnainoyl-a-phenylethylpliosphinie acid and phenyl- 
a-phenyl- jS-cinnamoyletl\ylplu)sphinic acid: 


Cglls.CH - CHg.C O.CH -CH.t ells ( ells.C ll—( Ilg.C O.CH ILCellg 

I I 

HO -P—Oil CbHb—P OH 


Both compounds combine with two atoms of bromine, and arc readily 
oxidised with formation of beuzaldehyde. The second, when oxidised 
by ozone, gives a dibasic acid of the formula Cell 6 .CH[C 6 H 5 . 
PC)(01I)]CH2.C00II. The dibromides readily evolve hydrogen bromide 
with alkaline reagents and form unsaturated monobromo-acids : 


C elle.C H—Cllg.C O.CBr = ( 6H5.C H CHa C^O.CBr = CH.C eHg 

HO—P— OH Cel I5.P- Oil 


These unsaturated bromo-acids are soluble without decomposition in 
sodium carbonate solution, but aqueous potassium hydroxide dc- 
com})oses them, forming benzaldehyde and removing the bromine and 
phosphorus radicals. The first bromo-acid also gives a small yield of 
dibenzal acetone, the use of alcoholic potassium hydroxide increasing 
the yield of unsaturated ketone to 25 per cent. ; the reaction taking 
place is probably as follows : 

CeH 6 .CIllPO(OH) 2 lCH =C(OH)CBr ^CH.Cells 

I 

I 

CbHb.CH = CH.COH = C ^CH.I'sHb + HBr + HPO 3 

1 

I 

CellB-CH = CH.CO.CH = CII.CbHb 

The interaction of phosphorus trichloride and cinnamylidcne 
acetophenone is unsatisfactory and only a small yield of ketophosphinic 
acid results, but phenyidielilorophosphine gives a fair yield of phenyl- 

‘ Conant, Bump and Holt, J. Amer. Chem. Soc., 1921, 43 , 1677. 
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jS-benzoyl-a-styrylethylphosphinic acid, which yields benzaldehyde 
on oxidation with ozone, showing that the addition takes place in the 
1 : 4 and not the 1 : 6 -position : 

CeHfi.CH - CH.C II - CH.CO.CeH 3 + + 2 CH 3 COOH 


CeH5.CH-CH.CH.CH2.CO.CeH5 

I +2CH3C0(1 
Celle—P-Oil 

II 

O 

Phenyl-a-phenyl-j3-cinnamoylethylphosphinic acid, Cellg. 

CH(CeH 5 .PO.OH).Cll 2 .CO.CH — CILCelle.—Dibenzal acetone is sus¬ 
pended in acetic acid and treated with phenyldichlorophospliine. The 
resulting solid is dissolved in 20 per cent, aqueous sodium hydroxide 
and the solution extracted w^ith ether to remove undianged ketone, 
addition of hydrochloric a(ad then preci})itating the acid. Filtration 
and rccrystallisation from hot glacial acetic a(‘id gives a 53 per cent, 
yield of the phos])hini(; acid. The acid uielts at 235"^ to 236^^ C., and 
is practically insoluble in all the common solvents. When a chloro¬ 
form solution of the acid is oxidised by dry ozone and subsequently 
evaporated under diminished pressure at 40° C., benzaldehyde results. 
If the aldehyde be nuuoved in steam, a gummy mass remains and the 
aqueous solution on evaporation yields a gny crystalline solid. This 
is phenyUa-2^h£7iyh^‘Carboxyethylphos'phinic acid, CgHg.Cl^C^Hg.PO. 
0H)CH2.C00H, M.pt. 212° C., which may be recrystalliscd from hot 
water. Titration with sodium hydroxide shows it to be dibasic. 

a - Phenyl - /3(a')3' - dibromo - j3' -phenylpropionyl) -ethylphos- 
phinic acid or a-Phenyl-)8(dibromohydrocinnamoyl)-etliylphos- 
phinic acid, ( 6 H 5 .CH[P 0 ( 01 I) 2 j.CH 2 .C 0 .CHBr.CHBr.C 6 H 5 , is formed 
by brominating the corresponding unsaturated acid, the reaction being 
accelerated by sunlight. It crystallises from moist chloroform or 
aqueous alcohol as fine, white needles, M.pt. 180° to 182° C. with de¬ 
composition. I'he crystals contain 2-5 molecules of water. 

a-Phenyl-^(a'-bromocinnamoyl)-ethylphosphinic acid, Cgllg. 
CH[PO(OH) 2 ].CH 2 .CO.CBr — CH.C 5 H 5 , results on acting upon the 
foregoing crystalline dibromide with alcoholic potash. The yield is 
about 81 per cent, and the product crystallises from aqueous alcohol 
in fine needles, containing some water of crystallisation which is lost 
wdien the compound melts at 130° to 132° C. The acid readily dissolves 
in sodium bicarbonate without decomposition, reduces alkaline per¬ 
manganate solution instantly, but does not combine with bromine. 
Oxidation by ozone gives benzoic acid, no benzaldehyde being produced. 
From the ozonised solution a-phenyl-p-glyoxyethylphosphmic acid 
separates. This melts with decomposition at 183° C., is tribasic, and 
when heated loses carbon dioxide and water, forming a-phenyl-jS- 
carboxyethylphosphinic acid, CgH 5 .CH[PO(OH) 2 ].CH 2 .COOH. 

Phenyl - a - phenyl - j3(a'j8' - dibromophenylpropionyl)- ethyl - 
phosphinic acid results when the corresponding unsaturated mono¬ 
basic acid is brominated. The yield is quantitative and the bromo-aeid 
separates from hot glacial acetic acid in crystals, M.pt. 195° C. with decom¬ 
position. It slowly dissolves in cold sodium carbonate or bicarbonate 
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solution, from which it may be precipitated unchanged. Solution in a 
hot 4 per cent, solution of potassium acetate in methyl alcohol and 
heating for a few minutes on the water-bath gives, on pouring into water, 
an 80 per cent, yield of phenyl-a-phenyl-^(a'-hrornocinnatnoyiyethyU 
phosphinic acid, M.pt. 200° (!. Alcoholic potassium hydroxide trans¬ 
forms this into dibcnzal acetone. 

/3-Benzoyl-a-sty rylethylphosphinic acid, ==CII. 

(H|P0(0H)2J.CH2*^"0*^"6H6.—This is prepared by condensing phos¬ 
phorus trichloride and phenyl einnamylidenemethyl ketone in acetic 
anhydride solution and subsequently treating the mixture with water. 
The acid contains 0*25 molecule of water, and melts at 159° to 161° C. 

Phenyl - jS - benzoyl - a - styrylethylphosphinic acid, Collg. 
C U = Cll.CH(CeH 5 .PO.OH).( H 2 .CO.Cell 5 , occurs in 64 per cent, yield 
when phen 3 ddi(ldorophos])hine and phenyl einnamylidenemethyl ketone 
are c‘ondensed in glacial acetic acid and the solution treated with water. 
When rccrystallised from hot glacial acetic acid it melts at 200° C. and 
is insoluble in most solvents. 


The Action of Phosphorus Trichloride on Saturated Aldehydes 
and Ketones.^ 

It has already been shown that phosphorus trichloride reacts with 
bcnzaldchyde in acetic acid solution to yield a-hydroxybenzylphos- 
phinic acid, and this process is here extended. The phosphorus tri¬ 
chloride is added to the carbonyl compound below 35° C., or sometimes 
cooling is necessary, and at least a 10 per cent, excess of trichloride is 
used. The mixture is })rotected from moisture and allowed to stand 
for two to three hours. A slight excess (3 molecular equivalents) of 
glacial acetic acid is then added, the mixture being kept between 20° 
and 30° G. After 12 hours the liquid is poured into 300 c.c. of ice-water 
and shaken vigorously. Evaporation of the solution yields a gum, 
which may take from one day to three weeks to crystallise. The crys¬ 
talline mass is dried on a plate and finally in a desiccator over sodium 
hydroxide. If no crystalline product can be isolated, the lead salt is 
prepared as follows : The gum is dissolved in about 200 c.c. of water, 
the solution made strongly alkaline with ammonium hydroxide, then 
treated with magnesium nitrate. After standing overnight, the pre- 
(^ipitated magnesium ammonium phosphate is filtered off, the solution 
diluted to 500 c.c., just acidified with acetic acid and heated to boiling. 
An excess of lead acetate or nitrate solution is then added, the whole 
boiled for 5 to 10 minutes and then filtered. The lead salt is washed 
with boiling water and dried, the product being free from phosphate 
and practically free from chloride. 

a-Phenylvinylphosphinic acid, CHg ==CCeH 6 .PO(OH) 2 , occurs 
when acetophenone is used. It is a solid, M.pt. 112° C., very soluble 
in water, fairly soluble in alcohol, sparingly soluble in benzene and best 
recrystallised from benzene-carbon tetrachloride mixture. The aniline 
salt melts at 180° to 181° C. The acid decolorises bromine water 
immediately and bleaches potassium permanganate solution. Oxida¬ 
tion by chromic acid yields formaldehyde as one of the products. 

a-Hydroxyisopropylphosphinic acid is formed in 91 per cent. 

* Conant, MacDonald and Kinney, J, Amar. Chem, Soc., 1921, 43 ,1928. 
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yield when acetone is used in the reaction. The product melts at 
167° to 169° C.i 

a - Hydroxy - a - methylpr opyl phosphinic acid , obtai ncd from 
methyl ethyl ketone, is isolated only in the form of its lead salt, C 2 H 5 . 
C(P 03 Pb) 0 H.CH 3 , which is insoluble in water but fairly soluble in 
concentrated nitric, acid. If ethyl propyl ketone be used, the lead salt 
of a-hydroxy-a-ethylbutylphosphinic acid is produced, C 3 H 7 .C (P 03 pb) 0 H. 
CgHg, and with pinacoline the lead salt of a-hydroxy-a^^-trimethyl- 
propt^lphosphinic acid, (CH 3 ) 3 C'-C(P 03 Pb) 0 II.CH 3 , results, which is 
a very hygroscopic substance. 

a-Hydroxy-j8-phenyl-a-benzylethylphosphinic acid, CgHg.CHg. 
fPO(OH)2JCOH.CH2.CQH5, is the reaction product when dibenzyl ketone 
is used. The acid may be recrystalliscd from benzene and melts at 
181° to 182° C. Benzylacetophenone yields a-phenyl-a-hydroxy-y- 
phenylpropylphosphinic acid, C3Ilg.C[PO(OH) 2]OH.CH 2.f‘H g.C qH5, of 
M.pt. 165° to 168° C., practically insoluble in water, soluble in alcohol, 
ether or acetic acid, and unaffected by bromine water. Dibenzyl 
a(‘ctone forms a-hydroxy-a{ P-phenylethyl)-y-pheniflprojyylphoffphinic 
acid, (CeH6.CH2.CH2)2C(OH)[PO(OH)2], M.pt. 178° to 171° C., in¬ 
soluble in water but soluble in sodium bicarbonate solution. 

Henzil, camphor, benzophcnoiie and anthraquinone do not 
react under the foregoing conditions using acetic acid or acetic 
anhydride. Henzil and anthraquinone do not react under any 
conditions, and camphor does not give any amount of crystalline 
product. 

a-Hydroxydiphenylmethylphosphinic acid, (P 6 H 5 ) 2 P(^II) 
[PO(OH) 2 |.—Henzophenonc is melted on the steam-bath with benzoic 
acid and phosphorus trichloride added in small portions, the temperature 
benng raised to 155° P. during the course of ten minutes, then allowed 
to fail to 180° C. and so maintained for two to three hours. The mixture 
is then cooled to 90° V,, poured into 500 (*.c. of water, made strongly 
alkaline with sodium hydroxide and heated on the steam-bath for four 
to five hours. The whole is then diluted to 750 e.c. and unchanged 
benzophenone extracted with ether. To separate the benzoic acid the 
mixture is strongly acidified with hydrochloric acid, cooled and filtered. 
The filtrate is evaporated to 250 c.c. and extracted three times with 
ether. The ether filtrate on evaporation yields an oil which solidifies. 
Recrystallised from feebly acidified water the acid melts at 171° to 172° 

It has been shown that acetophenone, phosphorus trichloride and 
glacial acetic acid react as follows : 

( eH5.CO.CH3 + PCI3 + CH3COOH — > 2CH3COCI + HCl + CeHg.C; -CH3 

i> 

PO.OH 

The phosphinic acid on treatment with water reacts according to the 
equation 

C,H,.C—CHa CaHa.C(OH)CHa 

1^0 +H 20 = 

PO.OH PO(OH)a__ 

^ Compare Marie, CompL rend., 1901, 133 , 221. 
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If acetoj)henone, phosphorus trichloride and glacial acetic a(ud are 
mixed and the mixture saturated the next day with hydrogen chloride, 
a-chloro-a-phenylethylphosphinic acid n'siilts.^ Loss of hydrogen 
chloride by the chloro-acid then gives an unsaturat(?d a(‘id : 

c«H,,c(on)cn, c,n,xacn, 

po(oii )2 ^ ro{OH )2 PO(oii )2 

Bromination of the unsaturated acid yields a dibromo-acid which loses 
hydrogen bromide above its melting-point, forming an unsaturated 
brorno-acid : 


P 0 ( 0 H )2 


B,, Cell^.CBr.C H^Br hr, C «II,,C%=.( HHr 

P()( 0 H )2 P 0 (() 11)2 

CeHs.CH-ClI^Hr 


P 0 ( 0 H )2 


Sodium carbonate converts the unsaturated brorno-acid into phenyl- 
aeetylene : 


Cell5.C(P03H2) -C HBr —> CgH^.C - ( H + lIBr f II3PO4 


Tlie dibromo-acid yields a dihydroxy-acid when treated with water 
alone, but with aqueous sodium carbonate it gives a-bromostjT^rene : 


C«Il,.CBr.CH 9 Br 


.^3^ i.g. v/ojjl XX2JLJ1 ^CgHs.CBr - C H2 + NaBr -H NagPO^ + all gO 


P0(01I)2 ^ 


^(3113.1(011 ).CH20H 
PO(OII)2 


+ 2 lIBr+ 2 ll 20 


The compounds prepared according to the foregoing scheme are 
as follows :— 

a-Chloro-a-phenylethylphosphinic acid. This acid melts at 
174® to 175® C, When heated above its melting-point or when boiled 
in aqueous solution it is converted into a-phcnylvinylphosphinie acid. 
This acid on bromination forms a^-dibromo-a-phenylethylphosphinic 
acid, M.pt* 186® to 188® C^, which evolves hydrogen bromide above its 
melting-point and forms ^-bromo-a-phenylvinylphosphinic acid, M.pt. 
138® to 135° C. These two bromo-acids with aqueous sodium car¬ 
bonate yield a-bromostyrene and phenylacetylene respectively, as in¬ 
dicated by the lV)regoing schemes. The dibromo-acid is converted 
by water into a^-dihydroxy-a-phenylethylphosphinic acid, M.pt. 143° 
to 145° C. P-Bromo-a-’phenylethylphosjjhinic acid occurs when a- 
phcnylvinylphosphinic acid is heated with hydrobromic acid for 17 hours 
in a scaled tube at 100 ® C.; chlorine converts the unsaturated acid into 
a^-dichloro~a-phenylethylphosphinic acid, M.pt. 175® to 178® C. 

^ Conant and Coyne, J. Amer. Ghem. Soc., 1922, 44 , 2530. 
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The Interaction of Di/phenylchlorophosphme with Benzaldehtfde 
and Benzalaeetophenone, ^ 

Diphenyl(*liloro])hos])liii)c reacts with bcnzalclehydc and with ben/al- 
acelophenonc (phenyl styryl ketone) in the presence of glacial acetic 
acid according to the schemes : 


C6H,.CH0 + (CeHJaPOl + CHfiOOH Cell5.CH()H.P()(C6HJ., + CH.COCl 
CeHB.CH-CH.COXVIfi f (CcRsl^Pd + CHaCOOIl---> C^HsXm.CHa.CeH^+ClbCOCl 


(_> 


If the ac(dic acid be replaced by ac(‘tic anhydride the reaction takes the 
following course, an luisaturated ketone n^sulting, which may undergo 
reactions as showi^ : 


Cgll^.C II ==CH.CO.C,Il5 ^(C,II5)2PC1 + (CHaCO)/) 


I 

o-(c,n5)2P~o--P(CeH,,)2 -o 
I III 

C=(’Il-ClI (iI-CH=t' 

I III 

II 

lir, 

0„ -(( ,115)2? O -?(( ell 5)2 -O 

I II I 

CBr—CHHr—CH CH^CIlBr—C Hr 

I I I 


CeHr, 


1^0 
-> 


H 2 O 
->. 


I 

CII-ClIa.CO.CeHs 

I 

O^I>(C, 115)2 


?cH5 


Cir-CHBr.CO.CeH 5 


CeH5 . 0 =.i>(cyi 5)2 

III 




CeH5.C^CH.CO(eH5 

I 

0=^?(CeH5)2 

IV 


The unsaturated intermediate compound (II) cannot be isolated in the 
crystalline state ; its reactions with water and bromine are shown. 
The dibromide is not isolated; with water it gives a mixture of two 
isomeric monobromoketoi^hosphine oxides, one of which may be obtained 
by direct bromination of the ketophosphine oxide. Whether the fore¬ 
going series of reactions is carried out with benzalaeetophenone or 
benzal-p-chloroacctophenone, a higher-melting and a lower-melting 
bromide may be obtained by treating the intermediate unsaturated 
compound with bromine. In each <’ase one of the isomers may be 
prepared by direct bromination of the ketophosphine oxide, the higher¬ 
melting isomer resulting in the benzalaeetophenone series, and the 
^ Coxiant, Braverman and Hussoy, J, Amer. Ohem. Soc., 1923, 45 , 165. 
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lower-melting isomer resulting in the other series. The higher-melting 
isomer in both series loses hydrogen bromide when treated with alcoholic 
sodium hydroxide at room temperature and forms an unsaturated 
ketophosphine oxide (IV), whicJi is reduced by zinc and acetic acid 
to the saturated oxide. Similar treatment of the lower-melting isomers 
leads to the isolation of the saturated ketophosphine oxide. The 
higher-melting isomer from benzalacetophenone, when boiled with an 
alcoholic solution of potassium acetate, is qiianlitatively reduced, and 
the lower-melting isomer of each series can be partially converted into 
the unsaturated ketophosphine oxide by boiling with pyridine for five 
hours. The higher- and lower-melting forms arc apparently stereo¬ 
isomers, since both form either the unsaturated or saturated compound, 
depending upon the reagents employed. From their behaviour towards 
alcoholic sodium hydroxide the higher-melting isomers apparently have 
the configuration most suitable for the elimination of hydrogen bromide. 
Although these compounds have the bromine atom in the jS-})osition to 
the ])hosphorus atom, the latter is not eliminated when the (‘ompounds 
are treated with alkaline reagents. This is in striking contrast to the 
behaviour of the various j8-bromophosphinic acids, which easily and 
quantitatively lose both bromine and phosf)horus : 

C eHg.CH—CIlBr.( 0.( gHg 

I 

Cells.P.OH 

il 

O 

Diphenyl - a - hydroxybenzylphosphine oxide, CgHg.CHOII. 

PO(Cgll 5 ) 2 . - 5 grams of bcnzaldehydc arc dissolved in 3 grams of glacial 
acetic! acid and 10* 1 grams of di])henylchlorophosphine added. After 
30 minutes the mixture is poured into water, the gummy precipitate 
dissolved in ether and the solution washed with sodium hydroxide, 
dried and evaporated. The oxide crystallises from hot toluene in 
white crystals, M.pt. 230'^ C., stable towards mild oxidising agents, 
but with chromic! anhydride in warm sulj)huric acid yielding some 
benzaldehyde. 

Diphenyl - a - phenyl - j8 - benzoylethylphosphine oxide, (C gllg) gPO. 
CH(FgH 5 ).CH 2 .CO.C^Il 5 .—5 grams of benzalacetophenone in 1*5 grams 
of glacial acetic acid are treated with 5*3 grams of diphenylchloro- 
phosphine and the product worked up as before. About 7*6 grams 
(77 per cent.) of product result, melting at 227“ C. on crystallisation 
from hot alcohol. 

Diphenyl - ^-p-chlorobenzoyl -a-phenylethylphosphine oxide, 

(CeH 5 ) 2 PO.CH(CgHg).CH 2 .CO,CgH 4 Cl, results in 85 per cent, yield 
when benzal-p-chloroacetophenoiie is used in the foregoing reaction. 
It melts at 225“ to 226“ C. 

Diphenyl - a - phenyl - ^ - bromo - j8 - benzoylethylphosphine oxide, 

(CeH 5 ) 2 PO.CH(CeH 5 ).CHBr.CO.CeH 6 . —Diphenyl-a-phenyl-j8-benzoyl- 
ethylphosphine oxide may readily be brominated in chloroform solution 
by heating under reflux for 30 minutes. The resulting product is re¬ 
crystallised from alcohol and is the higher-melting isomer, M.pt. 187“ C. 
The lower-melting isomer is isolated as follows: Diphenylchloro- 
phosphine (5*3 grams) is added to 5 grams of benzalacetophenone 
which has been dried over phosphorus pentoxide, and after the addition 


-^Cellg.CH^CH.CO.CeHg 

-hCeH5.PO(On)a+HBr 
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of 1’25 grams of acetic anhydride the mixture is allowed to stand for 
1 hour. An acetic anhydride solution of bromine is then added and 
after 10 minutes’ standing the whole is poured into water and allowed 
to stand overnight. The solid is filtered off, dissolved in chloroform 
and the solution dried. After removal of the solvent the product is 
recrystallised several times, when 1-2 grams of diphenyl-a-phenyl-j3- 
benzoylethylphosphine oxide, 0*7 gram of the higher-melting bromide 
and 1*6 grams of a bromo-compound of M.pt. 158'’ C. are obtained. 
The last-mentioned is the lower-melting isomer, which is more soluble 
in alcohol than the higher-melting form, so that separation may be 
effected by means of this solvent. 

Diphenyl-a-phenyl-^-bromo-p -chlorobenzoylethylphosphine 
oxide, (C 0 H 5 ) 2 PO.CH(CgH 5 ).CHBr.CO.CgH 4 ('l.—A preparation con¬ 
ducted in a similar manner to those already described and using benzal- 
jp-chloroacetophenone yields a higher-melting isomer, M.pt. 196'’ C., and 
a lower-melting isomer, M.pt. 187° C. 

Diphenyl-a-phenyl-jS-benzoylvinylphosphine oxide, (CgH 5 ) 2 PO. 
('(Cgllg) ^CH.CO.CgHg, results in 80 per cent, yield when hydrogen 
bromide is eliminated from the higher-melting isomer of diphcnyl-a- 
phenyl-j8-bromo-j8-benzoylethylphosphine oxide. 3 grams of the latter 
(M.pt. 187° C.) are dissolved in hot alcohol, and after cooling to room 
temperature, concentrated aqueous sodium hydroxide is added. After 
one hour the mixture is poured into water, acidified and allowed to 
stand overnight. 2 grams of the oxide result, M.pt, 143° C. The 
oxide reduces potassium permanganate in acetone solution, but does 
not combine with bromine or hydrobromic acid in acetic acid solution. 
Warming with zinc, dust and glacial acetic acid reduces the oxide to the 
corresponding saturated oxide, and dry ozone combines with the oxide 
in chloroform solution. If the lower-melting isomer of diphenyl-a- 
phenyl-j8-bromo-j8-benzoylethylphosphine oxide (M.pt. 158° C.) be 
treated in exactly the same way a yield of 1-6 grams of diphenyl-a- 
phenyl-j8-bcnzoylethylphosphine oxide, M.pt. 227° C., is obtained, i.e, 
a replacement of bromine by hydrogen occurs. The higher-melting 
isomer (0*4 gram), when boiled for 5 hours in methyl alcohol with 
potassium acetate, yields 0-25 gram of the ketophosphine oxide, but 
no trace of unsaturated compound, whilst the lower-melting isomer 
yields a gum. 

Diphenyl-a-phenyl-j8-p-chlorobenzoylvinylphosphine oxide, 
(CflH 5 ) 2 PO.C(C 6 H 6 )=CH.CO.CeH 4 Cl, is obtained from the higher¬ 
melting isomer of diphenyl-a-phenyl- jS-bromo-p-chlorobenzoylethyl- 
phosphine oxide (M.pt. 196° C.) by the action of sodium hydroxide 
and alcohol. The yield is quantitative and the compound crystallises 
in yellow needles, M.pt. 151° C. Under similar conditions the lower- 
melting isomer of the jS-bromo-acid (M.pt. 187° C.) gives a 95 per cent, 
yield of ketophosphine oxide, but no trace of unsaturated compound. 
The higher-melting bromo-acid, when heated with potassium acetate in 
alcohol solution for three hours, gives a 78 per cent, yield of unsaturated 
compound, whilst the lower-melting bromo-acid under the same con¬ 
ditions gives a poor yield of unsaturated compound, but no trace of 
reduction product is obtained. 
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The Addition of Alkoxy- and Aryloxy-chlorophosphines to 
Carbonyl Cofnponnds. ^ 

ilenzaldchyde condcjises at ordinary tcni])cratures with phenoxy- 
dichlorophosphine, and inethoxy* and cthoxy-diciilorophosphines in the 
presence of acetic acid, forming respectively phenyl, methyl and ethyl 
esters of a-hydroxybcnzylpliosphinic acid : 

( .IIs.CHO + RO.PCla + 2C Hgt 0011 - ( eH5.CH0H.l>0(0H)(0R) 

+ 2CH3(0C1 

The constitution of these esters is shown by converting them into 
a-hydroxybenzylphosphinic acid by hydrolysis with 15 per cent, 
aqueous hydrochloric acid and identifying the acid formed by means 
of its aniline salt. 

Phenoxydichlorophosphine condenses with benzalacetophenonc in 
the })rescnce of acetic acid, or })etter, acetic anhydride, with formation 
of phenyl jS-benzoyl-a-phenylcthylphos|)hinate. 

Ethoxydiehloroj)hos])hine does not condense normally witli benzal- 
acetophenone, although normal results ar(‘ noted with V)enzaldehyde. 

Di])henoxych]orophos])hinc reacts witi) ehloroacetonc in the presence 
of benzoic acid, but not in the pres(‘necof acetic* acid or acetic anhydride: 

CUoCk 

>(:-o 

('lI„Cl.C0.C'H3 + ((\ll50)2r('l—> VH/ I / C„H,.C O()ll 

n-ik.(0C3H5), 

CHjCl.COH.CHg 

I ■ +('6ll5C’0('l 

PO(OC«II,), 

The foregoing curious fact (*on(*cming the solvents used in this reaction 
is assumed to be due to the ])roba.biiity that the speed of the primary 
addition reaction is very slow, and the diphenoxyehloro])hosphine is 
decomposed by the acetic acid or anhydride before it has reacted 
appreciably with the ketone. Renzoie acid, on the other hand, does 
not rcac’t with the phosphorus derivative at room temperature, hence 
the reaction can proceed slowly when benzoic acid is ])resent; as fast 
as the prinuiry addition ])roduct is formed it reacts with the benzoic acid, 
producing the required diphcuiyl ester and benzoyl chloride. 

Diphenyl a - hydroxybenzylphosphinate, Cglig.CHOH. 
P0(0C6H5)2.—8 grams of acetic acid are added to a mixture of 9-2 grams 
of diphenoxychlorophosphinc and 3-9 grams of benzaldehyde. The 
mixture becomes warm and after standing overnight the crystals are 
removed, washed with ether and dried, about i-S grams being obtained. 
After crystallisation from methyl alcohol the compound melts at 146° C. 
It is insoluble in benzene, water or sodium carbonate solution. Boiling 
with hydrochloric acid hydrolyses it to the phosphinic acid. 

Diphenyl a - hydroxyisopropylphosphinate, (CH3)2.C0I1. 
PO{OCgH 5 ) 2 , results when the benzaldehyde in the foregoing is replaced 
by acetone. It is best crystallised from petroleum ether, and melts at 
118° to 114° (k A small quantity of the acetyl derivative of the phos- 
phinate is also produced during the reaction ; it is a crystalline com¬ 
pound, M.pt. 72° to 72*5° C. 

^ Conant, Wallingford and Gandhekor, J. Amer. Chem. Soc., 1923, 45 , 762. 
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Diphenyl a - hydroxy - a « methylpropylphosphinate, CgHg. 
C(CIl 3 )OH.PO(OCpH 5 ) 2 .—This occurs when methyl ethyl ketone is 
used in the condensation. The ester when recrystallised from alcohol 
nit‘lts at 128-5® C. 

Diphenyl a - hydroxy - a - methylbenzylphosphinate, 

C(CH 3 )(OH). PO(OCgllg) 2 .—Diphenoxychlorophosphinc and aceto})hen- 
one in glacial acetic acid solution yield this (‘ster after standing for 
4 days. The compound melts at 143-5® C. 

Diphenyl a-hydroxy- j3-chloroisopropylphosphinate, CH 2 CI. 
C(CH 3 )(OH).PO(OCqH 5 ) 2 .~ This compound, which is prepared by 
using chloroacetone as indicated on })agc 142, crystallises in white, 
cubic crystals, M.pt. 119° C. 

The addition of diphenoxychlorophosphinc to benzalacctophcnone 
yi(‘lds diphenyl a-jjhenyl-^--henzoylethylphosph/inate, M.pt. 11G° to 117° C. 
Attempts to condense dij)henoxychloro))hosphinc with acetaldehyde, 
enanthol, cinnamic aldehN^de, methyl/.vojn'opyIketone and pinacolinc only 
give oily products which cannot be crystallised. 

PiiospnoKUs Derivativks op Dimetuyjaniline. 

Dimethylaminophenyldichlorophosphine, (CH 3 ) 2 N.CgIl 4 .Pn 2 .^ 
— A mix I n re containing 100 grams of phosphorus trichloride and 70 grams 
of dinicthylanilinc ^ is treated slowly with 20 grams of anhydrous 
aluminium chloride, and when the latter has dissolved the whole is boiled 
for eight hours on a sand-bath, using a calcium chloride guard tube. 
Art(‘r cooling the rt^action mixture is shaken with petrohmm ether (B.pt. 
100 ° C.) until solidification takes place. The solid is liltcred off and 
th(* filtrat(j evaporated down until a clear reddish oil remains, the opera¬ 
tion being conducted as far as possible in the absence of air. The 
oil crystallises in large tablets, which are purified by washing with 
pctrohaim ether, dissolving in dry ether, distilling off the solvent and 
crystallising the residue in vacuo. The product cannot b(f distilled at 
ordinaiy pressures without decomposition, but boils at about 250® C. at 
120 mm. with slight decomposition. The solidified oil consists of thin, 
])ale yellow plates, M.pt. about 60® C., sparingly soluble in petroleum, 
readily soluble in benzene or phosphorus trichloride. The crystals arc 
delicjucseent in air and decomjioscd by water, the reaction taking place 
as follows :— 

(CH3)2N.C6ll4.FCl2 + 2 H 2 O - (CH3)2N.C3H4.P(0H)2.HC1 + IK 1 

(CH3)2N.C6H4.Pn2 + 3 H 2 O = (C ll3)2N.C6fl5.IlCl +P(0H)3 +HC1 

The dichlorophosphino may also be prepared by the interaction of 
phosphorus tricdiloride and jt?-mereuri-5i^-dimethylaniline ; ^ 

[(Cll 3 ) 2 N.C 3 H 4 | 2 Hg + 2 PCI 3 = 2 (CH 3 ) 2 N.CeH 4 .PCl 2 + Hga 2 _ 

^ Schlenk and Miohaelis, Ber,, 1888, 21 , 1497; Michaolis and Schlonk, Annalni, 1890, 
260 , ]. 

2 Ilaniman {Bar,, 1870, 9 , 845) states that phosphorus trichloride and dimctliylanilino 
when heated together for some hours at 160“ C. evolve methyl c.hloride. If the reaction 
mixture is treated with sodium hydroxide and the excess of dirnethylaniline removed by 
boiling with water, the residue crystallises from alcohol as a white, basic body, to which 
Haniman assigned the formula [C<,H 4 .N(CH 3 )o] 3 r. This product with fuming hydro¬ 
chloric acid above 160“ C. is converted to tri-m-aminotriphenylphosphine and triphcnyl- 
phosphine. The reaction appears to need further investigation. 

» This Vol., Part I, p. 122 . 
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An ether solution of dimethylaminophenyldichlorophosphine reacts 
with chlorine to yield a tetrachloride^ (CH 3 ) 2 N.CgH 4 .PCl 4 , a pale yellow 
powder, easily decomposed by moisture. Bromine under similar con¬ 
ditions gives a chlorohromide, (CH 3 ) 2 N.C 0 H 4 .PCl 2 Br 2 , decomposed by 
water as follows :— 

3(CH3)2N.C3H4.PCl2Br2 + 8 H 2 O ^ (CH3)2N.CeH3B^2 

+ 2 (C H 3 ) 2 N.CeH 4 .P(OH)a + 4HBr + 6 HC 1 + H 3 PO 4 

Dry hydrogen chloride reacts with the dichlorophosphine to form a 
hydrochloride, but prolonged treatment leads to de(‘omposition, with 
formation of dimethylaniline hydrochloride and })hosphorus triehloride. 

Dimethylaminophenylphosphinous acid, (Cll 3 ) 2 N.C 3 ll 4 . 
P( 0 H) 2 ,^ is prepared by the action of alcohol on the foregoing dichloro¬ 
phosphine. It is a colourless crystalline compound, M.pt. 162'^ C., 
soluble in water or hot alcohol, and stable towards concentrated hydro¬ 
chloric acid. Dry distillation causes de(;omposition with formation 
of dimethylaniline, phosphine and metaphosphoric acid. The acid 
yields the following salts : hydrochloride, a white crystalline mass, 
deliquescing in air and forming an oil; sodium salt, (crystallising in 
white tablets eontaining two molecules of water of crystallisation ; 
potassium salt, a white hygroscopic crystalline mass ; copper salt, a 
pale green powder ; lead salt, a white powder. When the acid is caused 
to react with benzaldehyde in an atmosphere of carbon dioxide at 
180° to 170° C., using concentrated hydrochloric acid as a catalyst, a 
viscous yellow oil results, which corresponds to the formula [(GH 3 ) 2 N, 
C 3 H 4 j 2 CH,CgH 5 ; its solution in hydro(‘hloric acid reacts with })latiTiic 
ehloricle, forming a platinichloride having the constitution [(CH 3 ) 2 N. 
C 3 H 4 ] 2 CH.CeH 3 . 2 H 2 PtCl 3 . 

Dimethylaminophenylphosphinic acid, (CH 3 ) 2 N.CeIl 4 . 
P 0 ( 0 H) 2 , occurs when the sodium salt of the foregoing acid in 
alcohol solution is treated with mercuric chloride. It melts at 138° C. 
and is readily soluble in water or alcohol. 

Dimethylaminophenyldimethylphosphine, (CH 3 ) 2 N . C 3 H 4 . 
P(CH3)2, is obtained by treating dimethylaminophenyldichlorophos- 
phine with zinc dimethyl in benzene solution in a carbon dioxide 
atmosphere, the rea(!tion mixture being well cooled during the operation. 
It is a colourless, strongly refractive liquid, of pungent odour and lighter 
than water. It boils at 265° C. and above this temperature is converted 
into the oxide. In air the oil forms a crystalline mass, which after 
boiling and cooling gives a melting-point of 10 ° C. Air also converts 
the phosphine to the oxide, (CH 3 ) 2 N.CeH 4 .P(CH 3 ) 20 .H 20 or (CH 3 ) 2 N. 
CgH 4 .P(CH 3 ) 2 (OH) 2 ; the change is more rapidly effected by adding 
mercuric oxide and heating on the water-bath. The oxide separates 
from hot ether as slender, white needles, M.pt. 62° C., readily soluble in 
alcohol or chloroform, sparingly soluble in ether. When the phosphine 
is warmed with sulphur it is converted into the sulphide, (CH 3 ) 2 N. 
C 3 ll 4 .P(CH 3 ) 2 S; this forms white needles from alcohol, M.pt. 155° C., 
becoming yellow on exposure to the air. The carbon disulphide addition 
product, (CH 3 ) 2 N.C 3 H 4 .P(CH 3 ) 2 .CS 2 , is a red powder, M.pt. 162° C„ 
sparingly soluble in alcohol. Dimethylaminophenyltrimethylphosphon- 
ium iodide is prepared from the phosphine in the usual manner; 
it crystallises as thick white needles, M.pt. 264° C., which become 
' Compare American Patent, 1607113. 
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yellow in air. Dimethylaminophenyldimethylethylphosphonium iodide 
has similar properties to the foregoing compound and melts at 199° C. 

Dimethylaminophenyldiethylphosphine, (CH 3 ) 2 N . . 

P(C 2 H 5 ) 2 , isolated from the dichlorophosphine and zinc diethyl, is a 
colourless liquid, B.pt. 298° C., and re-melts after solidifying at 12 * 5 ° C. 
It is more slowly oxidised in air than the (corresponding methyl com¬ 
pound, and has a faint odour ; it readily dissolves in hydrochloric and 
sulphuric acids. Its oxide forms thick transparent needles, M.pt. 65° C. ; 
the sulphide separates as white crystals, M.pt. 148° C., and the carbon 
disulj^hide addition product yields red plates, M.pt. 107° C. 

Difnethylaminophenyldiethylmethylphosphonium iodide is a white 
mass, M.pt. 186° C., readily soluble in chloroform, insoluble in ether ; 
the corresponding ethiodide separates as thick white needles, M.pt. 180° C. 

Dimethylaminophenyldiphenylphosphine, (f 113)2 N.CeH*. 
P(C 3115 ) 2 .—One molecular proportion of dimcthylamiiiophenyldi- 
chlorophosphine, two molecular proportions of chlorobenzene and the 
requisite quantity of sodium arc allowed to reacct in benzene solution. 
The resulting phosphine melts at 152° C. and is readily soluble in 
benzene, less soluble in alcohol or ether. It is only a weak base, and 
is precipitated from its solution in concentrated hydrochloric acid by 
water. When heated in a sealed tube for eight hours with concentrated 
hydrochloric acid at 280° C. it reacts as follows :— 

(CH3),N.CeH4.P(CeH5)2 + HCl = (CIl3)3N.CeH3 + 

2(C«H3)3PC1 + 2H3O = (CeHJaPH + (Cell3)3PO.()H + 21101 

Oxidation by boiling with ferric chloride yields the oxide as a wdiitc, 
crystalline mass, M.pt. 183‘5° C., readily soluble in alcohol or chloro¬ 
form, insoluble in water. The sulphide^ obtained in the usual manner, 
forms tine, yellow needles, M.pt. 188° C., readily soluble in alcohol or 
c hlorofor m. Diniethylaininophenyldiphen ylrnethylphosph onium iodide^ 
(CH 3 ) 2 N.C 3 H,.P(CeH 5 ) 2 (CH 3 )I, is an oil, which yields a hydroxide in 
the form of a strongly alkaline deliquescent mass. When dissolved 
in hydrochloric acid and treated with platinic chloride the phospliine 
forms a platinichloride, [(Cll 3 ) 2 N.C 3 ll 4 .P(CgH 5 ) 2 .HCl] 2 f^ff'l 4 > yellow 
powder, crystallising from alcohol in orange plates. Prolonged boiling 
of the hydroxide with water, or better, the addition of silver oxide or 
solid potassium hydroxide, removes benzene from the molecule : 

(CH 3 ) 3 N.C,H 4 .P(CeH 5 ) 2 (CH 3 )OH = (CH 3 ) 3 N.CeH 4 .P(CeH 3 )(CH 3)0 +C 3 II 3 

The oxide thus formed dissolves in the usual solvents and forms shining 
crystals, M.pt. 146° C. 

Hexamethyltriaminotriphenylphosphine, [(CH 3 ) 2 N.C 3 ll 4 ] 3 P, 
occurs as a by-product in the preparation of dimethylaminophenyl- 
dichlorophosphine, being present in the residue insoluble in petroleum 
ether. It forms colourless, slender needles, turning blue in air, melting 
at about 273° C., and readily dissolving in hot ether, hot alcohol or 
chloroform. 

Diethylaminophenyidichlorophosphine, (C gHg)gN.C eH 4 .PCl g.— 
This is obtained when the dimethylaniline in the corresponding dimethyl 
preparation is replacjed by diethylaniline. The product is a reddish 
oil, easily soluble in benzene, ether or alcohol. 

Methylbenzylaminophenyldichlorophosphine, (CH 3 ) (C 3 H 5 . 

CH 2 )N.C 3 H 4 .PCl 2 , is a pale reddish oil. It forms a phosphinous acid^ 
VOL. XI.: III, 10 
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(CH 3 )(CeH 6 .CH 2 )N.CeH 4 .P(OH) 2 , crystallising from water or dilute 
alcohol in small, slender needles, turning green in air and melting at 
OO"" C. The sodium salt crystallises in glistening white needles or plates, 

M. pt. 233® (^, containing two molecules of water of crystallisation. 

Ethylbenzylaminophenyldichlorophosphine, (C2H5)(C0H5.CIl2) 

N. C 6 H 4 .PCI 2 , is an oil having similar properties to the foregoing 
compound. 

Methylphenylaminophenyldichlorophosphine, (CIl3)(C6H6)N. 
CeH 4 .PCl 2 , separates as a viscous, transparent oil, which cannot be 
distilled without decomposition even in vacuo. Sodium hydroxide 
converts it into the sodium salt of the phosphinous acid. This salt 
er 3 ^stallises in plates containing two molecules of water of crystallisation 
and melting at 265° C. ; it readily dissolves in water, is less soluble in 
alcohol and insoluble in chloroform or benzene. Hydrochloric acid 
tj’ansforms the sodium salt to the free phosphinous acid, which separates 
from water in small needles and from al(‘ohol in pearly plates, M.pt. 
150*5° C., easily soluble in benzene or chloroform.^ 


Dp::rivativi 28 of Dibenzylmf.thane and Hydroxymethylene 

Camphor. 

Dibenzylmethanephosphinic acid, (C7H7)2CH.P0(01I)2, occurs 
wlicn hydriodic acid and amorphous phosphorus react with dibenzyl 
ketone.^ It crystallises as large, thick needles, M.pt. 142® (k, readily 
soluble in alcohol or ether, sparingly soluble in cold water. When the 
acid (1 mol.) is heated with phosphorus pentachloride (2 mols.) it 
yields an oxychloride, a viscous, transparent oil, B.pt. 228° C. at 20 mm., 
density 1*036 at 15° C., water reconverting this into the acid. The acid 
and oxychloride in benzene solution give dibenzylmethanephosphin- 
oxide, (C 7 ll 7 ) 2 CH.P 02 , which crystallises in white tablets, M.pt. 151° C. 
Concentrated ammonium hydroxide converts the oxychloride into 
dihenzylmethanephosphinamic acid, (C 7 ll 7 ) 2 CH.P(OH)NH 2 , consisting 
of white plates, sintering at 230° C. and melting at 244° C., the silver 
salt being a white precipitate. The following other derivatives of 
dibenzylmethanephosphinic acid are known: anilide, (C 7 H 7 ) 2 CH. 
PO(NH.C 6 li 5 ) 2 , white needles, M.pt. 196° C., readily soluble in alcohol, 
hot benzene or chloroform ; phenylhydrazide, (C 7 H 7 ) 2 ('H.PO(NH.NH. 
CgH 5 ) 2 , white needles, M.pt. 164° C. ; diethyl ester, a viscous liquid, 
B.pt. 240° C. at 20 mm. ; diphenyl ester, hard, white prisms, M.})t. 
120 ° C. ; ditolyl ester, M.pt. 131° C. 

Hydroxymethylene camphor phosphinic acid, CioHi40=CH. 
P 0 ( 0 H) 2 , is isolated as a by-product in the preparation of hydroxy¬ 
methylene camphor by treating oxymethylene camphor (3 mols.) with 
phosphorus trichloride (2 mols.). It crystallises with half a molecule 
of water, which may be expelled at 110 ° C. The ammonium, silver 
and lead salts are known, also the following derivatives : oxychloride, 
C 10 H 14 O-CH.POCI 2 , white tablets, M.pt. 51° C., B.pt. 175° to 180° C., 
decomposed by water; aniline salt, M.pt. 195° to 196° C. ; anilide, 
slender yellow needles, M.pt. 227° to 228° C. ; p4oluidide, M.pt. 210 ° C. ; 
p-phenetidide, M.pt. 137° C.; diethyl ester, B.pt. 195° to 205° C. at 
20 mm., decomposed by water. 

^ For p-dimethylaminotolylpbosphinous acid, see American Patent, 1635169. 

^ Michaelis and Fleming, Bpt,, 1901, 34 , 1291. 
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Heterocyclic Rings containing Phosphorus. 

The heterocyclic ring compounds of phosphorus arc similar to those 
already described for tin, lead ^ and arsenic. ^ The formation of a 
phosphorus ring system is shown by the following equation :— 

/CHo.CHjj.MgRr CK .CHo.CH.v 

I'll/ + 

H:il 2 .Cll 2 .MgBr CK 

+ MgBr2 + MgCl2 

Phenylcyclotetramethylenephosphine,^ 



To the magnesium compound obtained from 50 grams of 1 : 4 -dibromo- 
butane in 200 c.c. of absolute ether, 25 grams of phenyldicrhlorophosphine 
diluted with three volumes of ether are slowly added with brisk stirring 
and ice-cooling. A violent reaction ensues, and on its completion the 
ether is distilled off in a stream of hydrogen and the residue distilled 
from a mental-bath in hydrogen up to 850^ C. at 20 mm. pressure. 
The distillate is fractionated in a carbon dioxide atmosphere, the pure 
product boiling at 182° to 138° C. at 16 to 18 mm. It is a transparent 
oil having a strong, characteristic phosphine odour, and gives the follow¬ 
ing physical constants: density, 1*0502 at 0 ° C., 1*0429 at 10 ° C., 
1*0354 at 20 ° C., 1*0281 at 30° (\, 1*0208 at 40° C., 1*0335 at 22*5° C. ; 
/U) 1*5894 at 22*5° C.; -n^ 0*02163 at 22*5° C. It does not fume and 

is only slowly oxidised in air at ordinary temperatures. In water it 
is only slightly soluble, but dissolves readily in most organic solvents ; 
it readily reduces neutral or faintly acid solutions of silver nitrate. 
With mercuric chloride it forms an addition product, UiqII jgP.HgC^, 
separating from hot benzene in rhombic crystals, M.pt. 143° to 144° C. 
with decomposition. This product is sparingly soluble in water, alcohol, 
benzene or ether, readily soluble in pyridine and its homologues. The 
phosphine forms the usual addition products with carbon disulphide, 
sulphur and platinic chloride, also compounds with carbon tetrachloride, 
hexachloroethane, arsenic trichloride, antimony trichloride, bismuth 
trichloride, silicon tetrachloride, triethylsilicon chloride, phenyldichloro- 
arsine, diphenylchloroarsine, tin tetrabromide and tin diphenyl dibromide. 
These compounds are only sparingly soluble. The following derivatives 
are obtained in the usual manner : Phenylcyclotetramethylenem,ethyl- 
phosphonium iodide, (€ 112)4 > P(CeH 5 )(CH 3 )I, a colourless oil; phenyl- 
cyclotetramethylene-ethylphosphonmm iodide, a pale yellow crystalline 
powder, M.pt. 122 ° C., readily soluble in water or alcohol, less soluble 
in ether or petroleum ether; phenylcyclotetramethylene-n-propylphos- 
phonium iodide, a snow-white crystalline powder, M.pt. 153° to 154° C. ; 
phenylcyclotetrarnethylene-sec,-propylphosphonium iodide, pale yellow 
crystals tending to be hygroscopic and having no definite melting-point; 
i^oamyl iodide and ethylene bromide give yellow oils which cannot be 
crystallised. 

^ This Vol., Part I, p. 352. 

® This Vol., Part II, p. 410. 

’ Grtittner and Krause, Rer., 1916, 49 , 437. 



148 


ORGANOMETALLIC COMPOUNDS. 


Phenylcyclopentamethylenephosphine,^ 


CH 


XHj.CH 

^CHa-CH 



eH 


5 


is prepared by substituting the 1:4-dibromobutane in the preceding 
preparation by 1: 5-dibroniopentanc. It is a colourless oil of character¬ 
istic phospliine odour, B.pt. 154° to 155° C. at 22 to 24 mm., fuming in 
air but not appreciably oxidised. It readily dissolves in alcohol, 
benzene, ether or petroleum ether, is sparingly soluble in water, and 
reduces neutral or dilute nitric acid solutions of silver nitrate. The 
rnercurichloride melts at 172° C. and the ethiodide at 178° C. 
p-Tolylcyclopentamethylenephosphine, 

/CHa.CHa\ 

CHa< 

VHa.CHa/ 


obtained from ji?-tolyldiehlorophosphinc, boils at 167° to 168° C. at 
24 mm., and resembles the preceding compound in properties. Chlorine 
reacts with it, causing partial decomposition with formation of some 
1:5-dichloropcntane. The mercurichloride melts at 157° C.; the 
methiodide is an oil which cannot be induced to crystallise, but the 
ethiodide forms white crystals, M.pt. 163° to 164° C. 


Compounds of the Type RP=PR. 

Phosphobenzene, C^Hg.P =P.CgH 5 .—10 grams of phenylphosphine 
ill a well-cooled flask are treated drop wise with 10 grams of phenyl- 
diehlorophosphine, the operation being conducted in an atmosphere 
of hydrogen.^ A violent reaction occurs, accompanied by foaming ; 
the reaction is completed finally by gentle warming, when a solid 
product results. This is treated with water and alcohol-free ether 
until a portion when oxidised by nitric acid gives no reaction with 
silver nitrate. The ether is then as far as possible poured off, and the 
remainder driven off by heating on the water-bath in a current of hydro¬ 
gen. A pale yellow powder results, insoluble in alcohol, hot water or 
ether, readily soluble in hot benzene. 

Air oxidises phosphobenzene to the oxide, (CeH5.P)20, whilst 
chlorine causes inflammation unless diluted with carbon dioxide, when 
phenyldiehlorophosphirie occurs : 

CeH,.P =P.C,H6 + 2 CI 2 - -> 2CeH3.PCl2 

The oxide under similar conditions yields a mixture of phenyldichloro- 
phosphine and phenyl phosphorus oxychloride. Dilute nitrie acid 
transforms phosphobenzene with violenee into phenylphosphinous acid, 
whilst concentrated nitric acid gives the phosphinic acid : 

CeH^.P -P.CeHg + + 2 H 2 O-- 2C,H5.P(OH)2 

Cells.P = P.CeHs + 20^ + 2 H 2 O 2CeH5.PO(OH)2 


^ Griittner and Wieraik, Ber,, 1916^ 48 , 1473. 
^ Kohler and Miohaelin, J3er., 1877, xo, 807. 



MISCELLANEOUS PHOSPHORUS COMPOUNDS. 


149 


Concentrated hydrochloric acid gives a mixture of phenylphosphine 
and phenyldichlorophosphine : 

CeHg.P -P.CeHfi + 2HC1-^ CeHg.PHg + CeHg.PCl^ 

When phosphine is dried over potassium hydroxide and passed 
through phenyldichlorophosphine for several days, a thick, pale yellow, 
viscous liquid results.^ This becomes turbid on exposure to the air, 
and addition of water or alcohol causes the precipitation of a yellow 
solid. The product is triturated in a mortar, washed with alcohol and 
dried over sulphuric acid, and the following formula, based upon 
analytical data, is assigned to it, CeH 5 .P=POH. It is insoluble in 
water or alcohol, sparingly soluble in ether, readily soluble in carbon 
disulphide. At ordinary temperatures it is stable in air, but it inflames 
on heating and burns with a sooty flame. With warm nitric acid red 
fumes arc evolved and an intense yellow solution results, but prolonged 
warming yields a colourless solution containing phenylphosphinic and 
phosphoric acids : 

C^Hg.P -P.OH + 2 H 2 O + 2 O 2 -> CeH6.PO(OH)2 + P0(0H)3 

Phospho -arsenobenzene,^ 



is obtained by the interaction of phenyldichlorophosphine and phenyl- 
arsine : 


C^Hs.PCl^ + HaAs.CeHg = C ^H^.P ^As.C^H^+2liCl 


Phenylarsine, 7-35 grams, and 8*66 grams of phenyldichlorophosphine 
are mixed in 30 c.c. of ether. The ether is removed at 50° C. on the 
water-bath, and a violent evolution of hydrogen chloride suddenly 
takes place. A yellow crystalline mass consisting of fine needles results. 
After washing with alcohol and ether the product melts at 181° C. 
Recrystallisation from benzene causes decomposition into arseno- 
benzene and phosphobenzene. The latter appears to melt at 149° to 
150° C.» 


Phosphinic Acids derived from Triarylmethoxyphosphorlts 

Dichlorides. 

Triphenylmethylphosphinic acid, (C6H5)3C.PO(OH)2,^ occurs 
when alcoholic potassium hydroxide reacts with triphenylmethoxy- 
phosphorus dichloride. The hydrolysis is abnormal and the phosphorus 
changes from the tervalent to the pentavalent state : 

(CeH3)3CO.PCl2 (CeH,)3C.PO(OC2H3)(OK) 

The pure acid is most conveniently isolated as follows: The precipitate 
obtained on acidifying the solution of the crude acid in potassium 
hydroxide is dried in a steam-oven, then boiled for an hour with a 

1 Michaelis, Ber„ 1875, 8 , 499. 

* Steinkopf and Dudek, Ber,, 1929, 62 , [B], 2494. 

* British Patent 9234 (1916) deals with arsenophosphorus compounds. 

* B^d and Chignell, Trane. Chem, 80 c., 1923, 123 , 813; 1924, 125 , 1477; compare 
Arbuzoif and Arbnzoff, J. Buae. Phye. Chem, 80 c,, 1929, 6 x, 217. 
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mixture of acetic acid and concentrated hydriodic acid (8 grams of 
phosphinic acid, 15 c.c. of acetic acid and 8 c.c. of hydriodic acid). 
Large prismatic crystals of triphenylmethylphosphinic acid separate as 
the solution cools. These are washed with dilute sul})hurous ac^id, then 
with dilute hydrochloric acid, followed by a little alcohol, and finally 
with ether. Recrystallisation from glacial acetic acid or benzene gives 
a product, M.pt. 275° C. If five to six molecular proportions of potassium 
liydroxide per molecule of phosphorus chloride be used in place of 
three proportions, the yield may be raised to about 80 per cent. 

The acid reacts with phosphorus peiitacdiloridc at 70° C. giving 
tri])henylchloromethane, M.pt. 106° to 109° C.^ The dijjotassium. salt, 

6 ^^ 6 ) 3 ^ forms lustrous leafiets, and the hariuni salt, 

61 ^ 5 )ill^ white precipitate. The rnonoethyl ester, 
(1 6 ^ 4 ) 3 ! nielts at 227° to 282° C. The triphenyl- 

methoxyphosphorus dichloride required for the foregoing preparation is 
obtained by the action of phosphorus trichloride on triphenyhiarbinol. 

The following is a general method of preparation for the triaryb 
incthoxyphosphorus dichlorides ^ and for their conversion to triaryl- 
methylphosphinic acids: One gram-molecule of the triarylcarbinol is 
slowly added to about two molecular proportions of phosphorus tri¬ 
chloride cooled in ice, and the mixture kept at room temperature for 
at least forty-eight hours. The resulting solid is treated with ice and 
water, digesteel in the cold during several days first with ammonium 
hydroxide and afterwards with sodium carbonate solution, washed 
Ircc from alkali, dried in a vacuum, and crystallised from a suitable 
solvent. On acidification of the alkaline filtrate a small quantity of 
triarylmethylphosphinic acid is precipitated, but in order to obtain the 
maximum yield of the phosphinic acid, formed as a by-])roduct in tlie 
preparation of the triarylrnethoxyphosphorus dichloride, it is usually 
necessary to carry out the digestion with anuTionium hydroxide on a 
steam-bath. The triarylrnethoxyphosphorus dichloridcs are all soluble 
in cold concentrated sulphuric acid with evolution of hydrogen chloride, 
and from the strongly coloured solutions the carbinols are precipitated 
on addition of water. The transformation of these dichlorides to 
acjids takes place when the chloride (1 mol.) is heated on a water-bath 
with potassium hydroxide (4-5 to 5 mols.) and ethyl alcohol (about 
99 per cent.). Heating is continued for a short time after potassium 
chloride has separated, and then water is added and the alcohol evapor¬ 
ated off on the steam-bath. The aqueous solution is boiled for some 
time and, when cold, is filtered from solid matter and strongly acidified 
with hydrochloric acid. The precipitated mono-ethyl ester of the triaryl¬ 
methylphosphinic acid is refluxed for an hour with a mixture of glacial 
acetic acid and concentrated hydriodic acid. On cooling, the phosphinic 
acid separates and is washed and weighed after drying at 110° C. 
Addition of water to the filtrate gives a further small quantity of acid. 
From 5 grams of triphenylmethoxyphosphorus dichloride, 3*8 grams of 
potassium hydroxide and 88 c.c. of alcohol, the yield of triphcnyl- 
methylphosphinic acid was 4*079 grams, or a 91 per cent, yield. All 
the acids obtained by this method are dibasic, this fact being established 
by preparation of the corresponding dipotassium salts and by electro¬ 
metric titration. 

By use of the foregoing method the following dichlorides and their 
1 Hatt, J. Chsm. 80 c,, 1929, p. 2412. « Boyd and Chignell, loc, cit. 
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respective acids have been isolated : 2)-Chlorot7'iphenylinethoxyphos¬ 
phorus dichloride, ClCgH 4 .C(CgH 5 ) 20 .PCl 2 , colourless crystals, M.pt. 
161C., p-chlorotriphenylniethylphosphinic acid, ClCgH 4 .C(CgH 5 ) 2 PO 
( 0 H) 2 , minute crystals, M.pt. 273° C., and the dipotassium salt, small 
lustrous plates ; p-bromotriphenylmethoxy 2 )hosj)horus dichloride, BrCgH 4 . 
C’(CgH 5 ) 20 .PCl 2 , M.pt. 163° C., p-hromotriphenyhnethylphosphinic acid, 
BrCgH 4 .C(CeIl 5 ) 2 PO(OH) 2 , colourless crystals, M.pt. 297° C., containing 
a molecule of acetici acid, which is retained after prolonged keeping in 
a vacuum, but may be driven off by lieating for several hours at 100 ° C., 
the dipotassium salt, glistening plates, and the barium salt, a heavy 
white prcci[)itate ; diphenyl - p - anisybnethoxyphosphorus dichloride, 
CH 30 .CgH 4 .C(CgIl 5 ) 20 .PCl 2 , minute white crystals, M.pt. 180° C., and 
di2)henyl-p-a7iisylmethylphosphinic acid, CH 3 O.^ ^) 2 > 
M.pt. 210 ° C. ; diphenyl-m-anisylmethoxyphosphorus dichloride, CH 3 O. 
CQri 4 .C(Cgn 5 ) 20 .PCl 2 , minute, snow-white cr 3 ^stals, M.pt. 122 ° to 
121 ° C. ; 7n-hydroxytriphenylmethylphos2)hinic acid, HO.Cgll 4 .C(CeH 5)2 
PO(OH) 2 , tine white needles sintering at 239° C. and melting at 248° C., 
the disodium salt, lustrous plates, the benzoyl derivative, a white powder, 
the disilver salt of the benzoylated acid, a white ])recipitate, and the 
acid formed by methylation of the free acid, M.pt. 197° C. ; diphenyl- 
a-7ia2)hthyl7nethoxy2)hosphorus diehloride, C ^ 1 7 • P (C 6 ) 2 ^* white 

mi(TOScopic crystals, M.])t. 171° to 172° C\, diphenyl-a-naphthyl- 
?7iethylp?iosphi7iic acid, CjQH 7 .C(CeH 5 ) 2 PO(OH) 2 , fine needles, M.pt. 
256° C., and the dipotassiurn salt, lustrous plates ; diphenyl- ^-7iaphthyl- 
rnethoxyphosphorus dichloride, CioH 7 .C(C 6115 ) 20 .PCI 2 , small white 
crystals, M.pt. 194° C., diphenyl-^-7ia2)hthylmeihyl2>hos2Jhinic acid, 
C]oll 7 .C(C 6 H 5 ) 2 PO(OH) 2 , colourless needles, M.pt. 247*5° C., the 
dipotassimn salt being known; p-nitrotriphmyhnethoxyphosphorus 
dichloride, N 02 .CeIl 4 .C(C 6 H 5 ) 20 .PCl 2 > colourless crystals, M.pt. 188*5° Cr, 
di phenyl-p-tolylmethoxyphosphorus dichloride, ClI 3 . C 6 H 4 . C (C gll 5 ) gO. 
PCI 2 J minute colourless crystals, M.pt. 193° C., diphe7Ufl-2)-tolylmethyl- 
phosphinic acid, CH 3 .C 6 H 4 .C(C 6 H 5 ) 2 PO(OH) 2 , M.pt. 254° C., which 
may contain one molecule of water or acetic acid of crystallisation, 
according to the method of purification, and the dipotassiu7n salt, 
pearly leaflets. 

An attempt has been made ^ to explain the mechanism of the 
reaction occurring when triphenylmethoxyphosphorus dichloride is con¬ 
verted into triphenylmethyl})hosphinic acid by observing the rate 
of formation of sodium chloride, and also by examination of the 
phosphorus - containing products. Using 2*5iV alcoholic sodium 
ethoxide, the removal of chlorine atoms proceeds in definite stages. 
The first halogen is rapidly removed, the velocity being influenced 
chiefly by the rate of dissolution of the phosphorus dichloridc in 
alcohol. The final product is ethyl hydrogen triphenyhnethylphosphinate, 
M.pt. 259° C., which yields a silver salt as a white crj^stalline precipitate. 
The course of the reaction is given as follows ;— 

(C 6 H 5 ) 3 CO.PCl 2 ~->{CeH 5 ) 3 CO.PCl(OC 2 H 5 )--> 

( 1 ) ( 11 ) 

(C 6 H 5 ) 3 C.POCl(ONa) —> (C 6 H 5 ) 3 C.PO(OC 2 H 5 )(ONa) 

(III) 


1 Hatt, J. Chem, Soc,, 1929, p. 2412. 
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This hypothesis is supported by the isolation at the appropriate stage 
of triplienylmethylchlorophosphinic amd (Ill), M.pt. 238° to 234° C., 
which forms an aniline salt, M.pt. 182° to 182-5° C., or 151° to 156° C. 
on rapid heating, and containing one molecule of alcohol of crystallisa¬ 
tion ; the quinoline salt forms large, colourless crystals, M.pt. 181-5° 
to 182-5° C. When 0-2 to 0-5jV sodium ethoxide is employed, the 
chloro-ester (II) results in 85 per cent, yield and melts at 135° to 137° C. 
Heating with 2N sodium ethoxide solution or hydriodic-acetic acid 
mixture transforms II into III. 

In concentrated solutions an alternative course exists : 

(CeH5)3CO.PCl(OC2HJ - (C 3lI,)3C.PO(OC2H3)2 

(CeH5)3C.PO(OC2ll3)(ONa) 

This course of reaction is indicated by the isolation of diethyl triphenyl- 
rnethylphosphinate, M.pt. 120 ° to 121 ° C., in 20 per cent, yield when 4 iV 
solutions of sodium ethoxide are used. This ester undergoes sulphona- 
tion with concentrated sulphuric acid, but hoi aqueous sulphuric a(*id 
first causes hydrolysis into the monoethyl ester, then into the phosphinic 
a(!id itself. 

Aliphatic Phosphino-acids and their Derivatives. 

Although arsinoacetic acid is readily produced from chloroacetic 
acid and an excess of sodium arsenite, the analogous reaction docs 
not take place with sodium phosphite. Sodium salts of phosphorous and 
chloroalkyl acids when brought into contact react with a partial con¬ 
version of the phosphorus into the quinquevalent state, and, api)arently, 
the production of an unstable cster-like derivative of glycollic and 
phosphorous acids which cannot be isolated. Methyl iodide and sodium 
phosphite yield the readily hydrolysed methyl phosphite unaccompanied 
by methylphosphinic acid. 

Ethyl phosphinoacetate,^ C 2 H 502 C.CH 2 .P 0 ( 0 C 2 H 5 ) 2 , occurs when 
sodium dicthylphosphite (obtained from phosphorus trichloride and 
ethyl alcohol, followed by treatment with sodium in the presence of 
ether) reacts with ethyl chloroacetate. It may also be obtained in 
95 i>cr cent, yield when sodium ethoxide, diethylphosphite and ethyl 
chloroacetate react in absolute alcohol solution ; ^ in other solvents, 
such as ether or light petroleum, the yields are considerably smaller. 
The ester boils at 140° to 141° C. at 9 to 10 mm.,® and reacts with 
ammonium hydroxide to form an amide, NH 2 .CO.CH 2 .PO(OC 2 H 5 ) 2 , 
white glistening needles, M.pt. 78° to 80° C. (corr.).* 

P-Monoethyl phosphinoacetate, HOOC.CH 2 .PO(OH)(OC 2 H 5 ), is 
formed when the preceding compound is hydrolysed by boiling with 
sodium hydroxide or dilute hydrochloric acid. It also occurs when 
methyl diethyl phosphinoacetate, CH 302 C.CH 2 .P 0 ( 0 C 2 H 5 ) 2 , B.pt. 
131-5° to 132° C. (corr.) at 9 mm., is hydrolysed. Sodium and silver 
salts of the monocster are known. 

C-Monoethyl phosphinoacetate, C 2 H 502 C.CH 2 .P 0 ( 0 H) 2 . — 
Phosphinoacetic acid (3 grams) is boiled for 4 hours with 15 grams of 
5 per cent, hydrochloric acid in absolute alcohol solution, and the 

1 Nyl 6 n, Ber,, 1924, 57 , [B], 1023. 

* ArbusoS and Kamai[, J, Buss. Phys, Chem, 80 c., 1929, 61 , 619. 

® Compare Arbusoff, ibid*, 1906, 38 , 161, 293, 687. 

* NyUn, loc. cii. 
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mixture then evaporated on the water-bath. The residue is dried for 
several days in vacuo over potassium hydroxide and phosphorus pent- 
oxide, a viscous syrup resulting. This is very soluble in water, alcohol 
or ether, insoluble in benzene. The neutral sodium salt solution gives 
white precipitates with salts of zinc, manganese, lead or silver. Copper 
sulphate gives a blue voluminous preeij)itate. 

Phosphinoacetic acid, HOO€.CH 2 .PO(OH) 2 , is prepared by 
heating the triethyl ester with 1 per cent, hydrochloric acid, lirst on 
a water-bath for five hours, then in a sealed tube at 140° to 160° C. 
The solution is evaporated to dryness and the residue reerystallised 
from acetic acid or water, when shining prisms or rhomboids are obtained, 
M.pt. 142° to 143° C. (corr.). The acid is readily soluble in water, 
alcohol, acetone or acetic acid, insoluble in ether, benzene or chloroform. 
In warm weather the acid is hygroscopic. It decomposes in vacuo at 
about 280° C. It behaves towards thymoli)hthalein as a tribasic acid.. 
The following salts are known : IHsodium hydrogen salt, diammonium 
hydrogen salt, potassium dihydrogen salt, normal calcium salt (HgO), 
normal barium, salt (H,0), copper hydrogen salt ( 2 II 2 O), norm.al copper 
salt (81120), normal manganese salt (OHgO), normal zinc salt (H 2 O), 
normal lead salt, normal silver and disilver hydrogen salts, 

Phosphinoacetyl trichloride, ClOC.CHg-POClg, is the product of 
reaction between the foregoing acid and phosphorus pentachloride. 
It is a colourless liquid, B.pt. 79° to 80° C. at 1 to 2 mm. It has a 
faint odour resembling that of phosphorus pentachloride, and is heavier 
than water, by which it is slowly decomposed. 

Phosphinoacetic trianilide, CeH5.NH.CO.CH2.PO(NH.CgH5)2, is 
the condensation product of the trichloride and aniline. It separates 
from alcohol as (colourless needles, M.pt. 191*5° to 192*5° C. (eorr.), 
and dissolves in warm alcohol, ether, or benzene, but is insoluble in 
water. The tri-p-toluidide forms colourless needles, M.pt. 190° to 
192° C. (corr.). 

Phosphinoacethydrazide, NH 2 .NH.CO.CIl 2 .PO(OH) 2 . — Ethyl 
phosphinoacetate is transformed to the hydrazide by boiling with 
hydrazine hydrate. With acetone the hydrazide forms the co7npound, 
(CH 3 ) 2 C =N.NH.(X).CH 2 .P 0 ( 0 H) 2 , melting with decomposition at 185° 
to 186° C. 

Ethyl phosphinoformate, C 2 H 502 C.P 0 ( 0 C 2 H 5 ) 2 , obtained from 
triethylphosphite, sodium diethylphosphite, and ethyl chloroformate, is 
a colourless liquid, B.pt. 122*5° to 123° C. (corr.) at 8 mm.^ It yields 
an amide, NH 2 .CO.PO(OC 2 H 5 ) 2 , M.pt. 134° to 135° C. (corr.). The ester 
is hydrolysed by boiling water or acids to carbonic and phosphorous 
acids, whereas with sodium hydroxide the main product is sodium 
phosphinoformate, which salt is neutral towards thymolphthalein and 
alkaline towards phenolphthalein. The phosphmoformates of zinc 
(I 2 H 2 O), manganese (I 2 H 2 O), copper (SHgO), lead and silver are known. 

Ethyl benzyldiethylphosphinoacetate,^ C 2 H 502 C(C 7 H 7 )CH. 
P 0 ( 0 C 2 H 5 ) 2 , obtained in the usual manner, boils at 180° C. at 3 mm., 
and benzylphosphinoacetic acid, HOOC.CH(C 7 H 7 ).PO(OH) 2 , melts at 
137° to 145° C. 

a-Phosphinopropionic acid,® HOOC.CH(CH 3 ).PO(OH) 2 .—Ethyl 

^ Compare Arbusoif, loc, cit. 

* Arbuzoff and Razumoff, J, Buss. Phys. Chem. Soc., 1929, 61 , 623. 

* Nyl6n, loc. cU. 
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a-phosphinopropionate, B.pt. 130*5° to 132*5° C. at 10*5 mm., prepared 
from the ethyl ester of a-bromopropionie aeid and triethyl phosphite, 
is.heated with water at 140° to 150° C., filtered and the filtrate treated 
with lead acetate. This precipitates the lead salt of the acid, from 
which the free acid is obtained as a hygroscopic mass melting indefinitely 
at 75° to 95° C. The normal silver and manganese salts are known. 

Ethyl a - diethylphosphinopropionate, C 2 H 502 C.CH(CH 3 ). 
P 0 ( 0 C 2 H 5 ) 2 ,^ occurs along with a-diethylphosphinoj>ropioni(^ acid wh(in 
ethyl sodiophosphinoacetate is condensed with methyl iodide. The 
acid cannot be distilled without decomposition ; the ester boils at 
127° C. at 5 mm. These products on hydrolysis yield a-phosphino- 
propionic acid, M.pt. 119° to 132° C. (note M.pt. already given). Better 
yields of the phosphinopropionic ester are obtained using the potassium 
salt of ethyl phosphinoacetate in the preparation, no diethylphosphiiio- 
proj)ionic acid being obtained in this case. 

Ethyl )8-phosphinopropionate,2 C 2irg02C.CH2.CTl2.PO(OC2H5)2, 
is obtained by the successive addition of t‘thyl phosphite and ethyl 
j8-iodopropionatc to sodium ethoxide suspended in ether. The yield 
is about 35 per cent, and the ester is a colourless, odourless liejuid, 
B.pt. 149*5° to 150° C. (corr.) at 10 mm., density 1-1021 at 16-7° C. 
It dissolves in water and organic solvejits. Alcoholic ammonia converts 
it into the corresponding C-a7nide, M.pt. 01° to 62*5° C. (corr.), crystal¬ 
lising in needles, soluble in water, alcohol or warm benzene, s])aringly 
soluble in warm ether. 

j8- Phosphinopropionic acid, HOO(\CH 2 .CH 2 .PO(()H) 2 , is the 

hydrolysis product of the foregoing ester. It forms rectangular prisms, 
M.})t. 178° to 180° C. (corr.). The disilver salt of the P-monoethyl 
ester, C() 2 Ag.PH 2 .Cn 2 .PO(OC 2 H 5 )(OAg), is knowm. The acid is con¬ 
verted by ethyl alcohol and hydrogen chloride into the C~monoethyl 
ester, C 2 H 502 C.CH 2 .Cn 2 .P 0 ( 0 H) 2 , glistening plates, M.pt. 64-5° to 
66° C. (corr.), which forms zinc, manganese, calcium, silver and cop'per 
salts, ^-Phosphinopropionic acid itself forms the following salts : 
disodiu 7 n hydrogen salt, normal calciu 7 n salt (JI2O), mmnal ba 7 'iu 7 n salt 
( 6 H 2 O), zinc salt (SHgO), manganous salt ( 7 II 2 O), lead and silver salts. 

y-Phosphinobutyronitrile ethyl ester, CN.CII 2 .CH 2 .CH 2 . 
P 0 ( 0 C 2 H 5 ) 2 , is prepared by the condensation of sodium diethyl phosphite 
with y-chlorobutyronitrile in ether solution. It boils at 163° to 164° C. 
at 8 mm. and has a density of 1*0885 at 17° C. 

y-Phosphino-n-butyric acid, HOOC.CH 2 .CH 2 .CH 2 .PO(OH) 2 . 
—The preceding nitrile is hydrolysed by heating with 20 per cent, 
hydrochloric acid on the water-bath for ten hours, followed by three 
hours’ heating in an autoclave at 140° to 150° C. It crystallises from 
water in prisms or rhombic crystals, sintering at 122° C. and melting 
at 127° to 128° C. (corr.). It forms the following salts : normal barium 
salt (OllgO), calcium salt, copper salt ( 4 H 2 O), lead salt, silver salt, 
manganous hydrogen salt (HgO) and zinc hydrogen salt (HgO). The 
C-monoethyl ester, C 2 H 502 C.CH 2 .CH 2 .CH 2 .P 0 ( 0 H) 2 , separates as 
rhombic crystals, M.pt. 76° to 77° C., and forms sodium, zinc, manganese, 
copper, calcium, lead and silver salts.^ 

1 Arbuzofi and Razuraoff, loc. cit. 2 Nylen, Ber., 1926, 59 , [B], 1119. 

® German Patent 299992 {Chem, Zentr., 1917, ii, 510) deals with the production of 
organic compounds of phosphorus. Unsaturated hydroxy-fatty acids of high molecular 
weight when treated with phosphorus tri- or oxy-halide yield as primary products acid 
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The Thermal Decomposition of Quaternary Phospiionium 

Hydroxides. 1 

Trimethylethylphosponium hydroxide, (CH3)3(C2H5)POH, is 
obtained in the usual manner from the corresponding iodide. The 
latter is converted by sodium pierate into trirnethylethylphosphonium 
jncrate, separating from water in long needles, M.pt. 290° C. Thermal 
decomposition of the hydroxide gives an 88 j)er cent, yield of methane 
calculated on the iodide, and dimethylethylphosjyhine oxide, B.pt. 223° 
to 225° C., M.pt. 73° to 75° C., is obtained as a very hygroscopic com¬ 
pound, which gives an oily salt with trichloroacetic acid ; it also ai)pears 
that there is a definite but minor side-reaction (< 5 per cent.) in which 
hydrogen is formed. 

Methyltriethylphosphonium hydroxide, (CH3)(C2ll5)3POIl, de¬ 
composes when heated, giving about an 89 per ('ent. yield of methane 
calculated on the original iodide, and triethylphos 2 :)hine oxide, B.pt. 
238° to 240° C., M.pt. about 46° C., the corres])onding chromate melting 
at 99° to 100° C. Methyltriethyl^yhosphonium pierate separates from 
alcohol in prisms, M.pt. 239° C. 

Triethyl - n - propylphosphonium hydroxide, (CgHg), 
((' 3 H 7 )P 01 I. —The corresponding iodide in jnepared by allowing n-propyl 
iodide and triethylphosphine in absolute alcohol to stand overnight 
at 30° C., the compouiKl then being precipitated by ether and recrys¬ 
tallised from alcohol, from which it separates in colourless needles. 
The pierate, obtained from the iodide, is deposited from alcohol in 
rosettes of foliated needles, M.pt. 91° C. The hydroxide, also formed 
from the iodide, undergoes thermal decom])osition, giving a 90 per cent, 
yield of hydrocarbons calculated on the iodide used, and phosphine 
oxides, B.pt. 245° to 247° C,, M.pt. about 37° C. The hydrocarbons do 
not contain olefins and no phosphines are isolated. 

Tri - n - propylethylphosphonium hydroxide, (C3H7)3 
(C2H5)P01I.—When tri-n-propylphosphine and ethyl iodide react at 
the ordinary temperature, they yield tri-n-propylethylphosphonium 
iodide, which separates from alcohol-ethyl acetate in needles, and may 
be converted to the pierate, crystallising in needles from benzene- 
ligroin, M.pt. 64° C. Distillation of the hydroxide gives a 90 per cent, 
yield of hydrocarbons calculated on the iodide and a mixture of 
phosphine oxides, B.pt. 253° to 257° C. 

Tri - n - propyl - n - butylphosphonium hydroxide, (C3H7)3 
(C 4 H 9 )P 0 H. —The corresponding iodide separates from ethyl acetate 
as needles, M.pt. 239° to 240° C., and yields a pierate, consisting of 
small prisms from dilute aceti<! acid, M.pt. 67° C. Decomposition of 
the hydroxide yields phosphine oxides and an 85 per cent, yield of 
hydrocarbons calculated on the iodide used. 

halides in which the hydroxyl group is intact. Hydrolysis of these products with water 
gives phosphorus derivatives of the free hydroxy-acids, which may be converted into salts 
of the alkaline earth metals. RicinstearoUc mid and ricinolic acid when treated with 
phosphorus trichloride or tribromide yield compounds CigHgaOgP and CjgHggOgP 
respectively. 

Phosphorus derivatives of unsaturated higher fatty acids are dealt with in German 
Patents 267641, 271158, 271169 and 273219. These patents deal with compout^ds from 
stearolic and behenolic acids and their derivatives. The derivatives are probably of 
similar type to the products obtained in the arsenic series (see this Vol., Part 11, p. 60). 

^ Fenton and Tngold, •/. Chem, 8oc., 1929, p. 2342. 
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Tri - n - propyl - n - octylphosphonium hydroxide, (€3117)3 
(C 8 Hj 7 )POH, is obtained from the corresponding bromide^ which is the 
condensation product of tri-n-propylphosphine and n-octyl bromide. 
The liquid bromide may be converted to the iodide by means of sodium 
iodide in alcohol, or into the chloride through the hydroxide, but these 
salts are also li(jiiids. The chloroauraie separates from alcohol in 
prisms, M.pt. 38° C. Distillation of the hydroxide gives a 19*8 per cent, 
yield of octane and a 66*2 })er cent, yield of propane. 

Tri - n - butyl - n - propylphosphonium hydroxide, (€4119)3 
(€ 3117 )POH, on distillation yields phosphine oxides and a gas which 
corresponds to propane, 26 vols. per cent., and butane, 74 vols. per cent. 

Trimethylphenylphosphonium hydroxide, (CH3)3(€eH5)P011. 
—The iodide used in the preparation of this hydroxide melts at 
236° €. The separates from water in yellow needles, M.pt. 

132° to 133° C.^ The hydroxide decom])oses on distillation, giving 
benzene and trimethylphosphine oxide. Nitration of the picrate at 
60° €. with equal volumes of fuming nitric and sulphuric acids yields 
m-nitrophenyltrimethylphosphoniurn picrate^ M.pt. 166° to 167° €. 

Trimethylbenzylphosphonium hydroxide, (€H3)3(€7H7)POH. 
—The corresponding bromide separates from alcohol-ligroin in needles, 
M.pt. 222 ° €., and the picrate forms prisms, M.pt. 173° €. Thermal 
decomposition of the hydroxide yields trimethylphosphine oxide and 
toluene. Nitration of the picrate yields p-nitrobenzyltrimethylphos- 
phonium picrate, consisting of needles, M.pt. 188° to 189° €.; the 
corresponding ortho- and meta-compounds are prepared from trimethyl- 
phosphinc and 0 - or m-nitrobenzyl chloride, the o-nitro-derivative 
forming small needles, M.pt. 152° to 153° €., and the m-nitro-compound 
giving needles, M.pt. 171° to 172° C. 

Triphenylbenzylphosphonium hydroxide, (€6H6)3(€7H7)POH. 
—The corresponding bromide crystallises from water or alcohol-ethyl 
acetate in needles, M.pt. 288° €. Thermal decomposition of the 
hydroxide gives a 100 per cent, yield of triphenylphosphinc oxide 
(pure product M.pt. 154° to 156° €.) and a 70 per cent, yield of 
toluene. 

Triethyl-jS-phenylethylphosphonium hydroxide, (€2H5)3(€eH6. 
€ 2 H 4 )P 011 .—The corresponding chloride is a syrup, and the picrate 
separates from chloroform-ligroin in prisms, . M.pt. 70° €. Distillation 
of the hydroxide yields ethylbenzene (84*1 per cent.), styrene (4*5 
per cent.), ethane ( 6*6 per cent.) and triethylphosphine oxide. 

Tri - n - butyl - j 8 j 3 - diphenylethylphosphonium hydroxide, 
(QH 9 ) 3 [(€ 6 H 5 ) 2 € 2 H 3 ]P 0 H, whcn distilled, gives tri-n-butylphosphine, 
a^ 2 /^.-diphenylethylene, 10 per cent, of a.9?/m.-diphenylcthane, and a 
small quantity of a viscous syrup, probably tri-n-butylphosphine oxide. 

oi - Garbethoxytrimethylphosphonium hydroxide, (€H3)3 
(€ 2 H 5 € 02 )P 0 H.—The corresponding chloride, from trimethylphosphine 
and ethyl chloroacetate, forms hygroscopic needles, melting with de¬ 
composition at 160° €. The picrate separates from alcohol in rhombs, 
M.pt. 124° to 125° €. Distillation of the hydroxide gives trimethyl¬ 
phosphine oxide and small quantities of alcohol, the identification of 
iOther products not appearing to have been very satisfactory. 

^ Compare Ingold, Shaw and Wilson, J. Chem. 80 c,, 1928, p. 1280. 
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Phosphazines, Phosphenemethylene Derivatives and 
Phosphtnimines. 


(C2H5)3P 


<(? 

\C=C(CeH,), 


1 


The above eompound is obtained by the combination of diphenyl- 
keten with triethylphosphine in absolute ether, the body immediately 
being precipitated as a faint yellow hygroscopic mass. The crystals arc 
stable in dry ether, but with water triethylphosjjhine and diphenylacetic 
acid arc formed. The compound sinters at about 80° C. and is com¬ 
pletely decomposed at 100° C. ; heating in a test-tube drives off tri- 
cthylphosphine, and orange-coloured diphenylkctcn remains. In ether 
or petroleum ether the body is insoluble, but in benzene an orange- 
yellow solution is obtained, showing dissociation ; addition of aniline 
to the solution gives diphenylacetanilidc. 

Triethylphosphine fluorenone azine,^ 

(C,HJ3P-N~N = C< I 

H'6H4 


To a solution of 18-6 grams of diazolluorcne in 120 c.(‘. of benzene, in 
a nitrogen atmosphere and with ice cooling, 11*2 grams of triethyl¬ 
phosphine diluted with 20 c.c. of benzene are slowly added. Heat is 
evolved and after ten minutes thick yellow crystals separate, which, 
after H hours, are removed and washed with ether (yield, 19*1 grams). 
The phosphazinc thus obtained melts at 154° to 158° C., and is very 
sensitive to moisture, so that it cannot be reerystallised from moist 
solvents. Rapid crystallisation from hot benzene gives golden-yellow 
crystals, M.pt. 160° C. When heated above its melting-point the com- 
])ound decomposes with evolution of nitrogen. It forms a basic addition 
product with methyl iodide, a faintly yellow^ powder, M.pt. 109° to 113° C. 
Dilute hydrochloric and sulphuric acids dissolve the phosphazinc 
unchanged, but heating with concentrated acid decomposes it, as also 
does the prolonged action of cold concentrated acid. Hydrogen chloride 
gives a yellow hydrochloride which decomposes in moist air. The 
phosphazinc is soluble in carbon disulphide, the solution being dark 
blue-violet. Short boiling with alcohol gives fluorenone hydrazine; if 
this is removed and the mother liquor evaporated, a residue of triethyl¬ 
phosphine oxide remains. By the action of chloroform-alcohol mixture 
on the phosphazinc, a compound containing no phosphorus is obtained, 
probably bi-diphenylenetetrahydrotetrazine, 


(CeH4),C<^ 


.N = 


=N- 


V. 


NH—NIF 




Triethylphosphine benzophenone azine, (€ 3115 ).,? = N—N- 
C(CeHj 3 , is obtained by the interaction of diphenyldiazornethane and 
triethylphosphine in petroleum ether, employing a carbon dioxide 
atmosphere and cooling, the phosphazinc soon separating in yellow 

^ Staudinger and Meyer, Helv. Chim. Acta, 1919, 2 , 612, 

® Ibid., p.'619. 
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crystals. The body is not very stable and decomposes if allowed to 
stand for an hour, bi-diphenyltetrahydrotetrazine being formed. 

Phenyldiethylphosphine benzophenone azine, 


(^2115)2 


>P-N—N = C 




\C' 




is obtained fix>m diphenyldiazomcthane and diethylphenylphosphine 
in ether. It forms faintly yellow crystals, M.pt. 113° C., which begin 
to evolve nitrogen at 160° C. When boiled for one hour with dilute 
alcohol the body is hydrolysed to benzo})henonc hydrazone, and from 
the evaporated mother liquor diethylphenylphosphine oxide is obtained. 
Dilute and concentrated hydrochloric acid solutions of the phosphazine 
are colourless; eoneentrated sulphuric acid solutions are yellow, 
changing to colourless on dilution. 

Triphenylphosphine benzophenone azine (C6H5)3P=N—N = 
C(C6H5)2, is prepared from triphenylphosphine and diphcnyldiazo- 
methane in petroleum eth(‘r-ether mixture. The yield is about 88 per 
cent, and the prodiKjt is a white, crystalline powder, melting with 
decomposition at 173° C., readily soluble in chloroform or benzene, 
sparingly soluble in ether or light petroleum. The compound remains 
stable after keeping for several weeks. Prolonged boiling with alcohol 
converts it into triphenylphosphine oxide and benzophenone hydrazone. 
The azine is sparingly soluble in dilute hydrochloric and sulphuric 
acids ; in eoneentrated sulphuric acid it dissolves readily, giving a 
yellow solution, from which it is precipitated unchanged on the addition 
of water. Hydrogen chloride yields a hydrochloride, a white, crystalline 
powder, decomposing at about 180° C. and containing about 2 moleeiiles 
of hydrochloric acid ; it is only S})aringly soluble in l)enzenc. 

Triphenylphosphine glyoxyl ester azine, ( 06115 ) 3 !^ = N—N =- 
CH.COgCgHg, occurs when triphenylphosphine and diazoaectic ester in 
ether solution are allowed to stand for a month. It crystallises from 
ether-benzene solution in white crystals, M.pt. 113° to 114° C.^ 

Triphenylphosphine fiuorenone azine, (C 3 ll 5 ) 3 P==N—N 

C(C 6 H 4 ) 2 , is the condensation product of triphenylphosphine and 
diazofluorene, but the action is much slower than with triethylphosphine. 
The product forms golden-yellow crystals, M.pt. 204° to 205° C. It 
may be kept for a month without decomposing, and may be recrystallised 
from alcohol without hydrolysis. On reerystallisation it yields yellow, 
compact crystals, M.pt. 209° to 210 ° C. When heated to 220 ° C. it 
suddenly evolves nitrogen. It is a much feebler base than the tri¬ 
ethylphosphine derivative and it does not add on methyl iodide. It 
dissolves in dilute or concentrated hydrochloric acid, is insoluble in 
dilute sulphuric acid, but in concentrated sulphuric acid yields an 
orange-red solution, which, on dilution with water, deposits the base 
unchanged. It resembles the triethylphosphine derivative in forming 
an addition 'product with 2 molecules of hydrochloric acid- 

Phenyldiethylphosphine fiuorenone azine, (CeH5)(C2H5)2 
P =:N—N =C(C 3 H 4 ) 2 , obtained from phenyldiethylphosphine and diazo¬ 
fluorene, is a yellow, crystalline product, melting at 115° C., and losing 
nitrogen at 220° to 270° C. It is fairly stable and can be recrystallised 

^ The products obtained from triethylphosphine and phenyldiethylphosphine with 
diazoaoetic ester have not been analysed. 
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from benzene or chloroform, but is only sparingly soluble in ether or 
petroleum ether. After keeping for 5 weeks the compound decomposes. 
It is hydrolysed by aqueous alcohol on heating on the water-bath, yield¬ 
ing fluorene hydrazone and phenyldiethylphosphine oxide. The azine 
possesses feeble basic properties, is slightly soluble in dilute hydrochloric 
and sulphuric acids, dissolves in concentrated hydrochloric acid to 
give a yellow solution, and in concentrated sulphuric acid yielding a 
scarlet solution which becomes colourless on dilution. 

Triphenylphosphine diphenylmethylene, (C6H5)3P = €(€6115)2,^ 
is the decomposition product of triphenylphos[)hine benzophenonc 
azine when the latter is heated in an oil-bath in an atmosphere of 
nitrogen for 15 minutes at 185° to 195° C. It is decomposed by water 
or alcohol, but separates from benzene in garnet-red plates containing 
about 2 molecules of benzene. The latter is difticult to remove, even 
by heating in vacuo at 40° to 50° C. The pure product melts to a deep 
red liquid at 170° to 172° C. When heated with dilute hydrochloric 
ac^id it gives a colourless solution, from which the hydrochloride of 
fripheyiylbenzhydrylphosphonium hydroxide separates as white needles 
on cooling, M.pt. 240° to 242° C. Triphenylphosphine diphenyl- 
methylene reacts with carbon disulphide^ on heating for 10 hours at 
60° C. ; triphenylphosphine sulphide separates on cooling, and the 
mother liquor, after removing the solvent and treating with acetic 
acid, gives a further ((uantity of the sulphide, polymerised keten and 
a yellow amorphous product. 

Triphenylphosphine phenylimine, (( 6115 ) 3 ? —This 

occurs when trij)henylphos])hine condenses with phenyl azide in ether 
solution. The reaction is very violent and a vigorous evolution of 
nitrogen takes ])lacc, the product separating out fis a white powder, 
M.pt. 181° to 182° C. after crystallisation from ether. By slow crys¬ 
tallisation, plates are obtained, readily soluble in benzene, sparingly 
soluble in j)ctrolcum ether. The compound shows feeble basic properties, 
being somewhat soluble in dilute hydrochloric or sulphuric acid, and 
when boiled is hydrolysed to triphenylphosphine oxide and aniline. 
Cold concentrated sulphuric acid dissolves the compound, and dilution 
of the solution with water precipitates triphenyl])hosphine oxide, 
aniline sulphate remaining in solution. Boiling for a short time with 
carbon disulphide gives triphenylphosphine sulphide, M.pt. 150° to 
158° C., and phenylthiocarbimide. Triphenylphosphine oxide and 
sulphide are similarly obtained when the compound is gently warmed 
with phenylcarbimide or phenylthiocarbimide, respectively. 

Triphenylphosphine-p-tolylimine, (06115)3? = N.C6H4.CH3, is 
isolated from triphenylphosphine and p-tolyl azide in 98 per cent, 
yield. It forms faintly yellow crystals from ether, M.]>t. 184° to 135° C. 
If carbon dioxide be passed into the molten compound, triphenyl¬ 
phosphine oxide and p-tolyH^ucyanatc result, and with carbon disul¬ 
phide, triphenylphosphine sulphide and p-tolylthiocarbimide are 
obtained. 

Triphenylphosphine-m-xylylimine, (C6H5)3?-N.C6H3(CH3)2, 
occurs in 85 per cent, yield when m-xylyl azide is used in the foregoing 
reaction. The product melts at 130° to 131° C. and gives similar 

^ Staudinger and Moyer, he. cit., 1919, 635. 

® Staudinger, Rathsam and Kjeleberg, loc. cit., 1920, 3 , 853. 

3 Staudinger and Meyer, he. cit. 
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results with carbon dioxide and carbon disulphide as the preceding 
derivative. 

Phosphorus trichloride and phenyldichlorophosphine do not react 
with phenyl azide. 

Cyanurphosphinimines. ^ 


Cyanurdi-triphenylphosphinimine monoazide, 


N-.=N 







N 


(CellslaP-N C, 


iN 


lC-.-N^P(CeIl5)3 


+ 2N, 


N 


Triphenylphosphinc (7*5 grams) is dissolved in 40 c.c. of absolute 
alcohol and to the solution 2-7 grams of eyanurtriazide in 100 c.c. of 
absolute ether are added in small portions. After a time the solution 
becomes intense green in colour and nitrogen is evolved. A white 
crystalline powder separates and the reaction is completed by warming 
for a short time under reflux. The product is filtered off and well 
washed with ether to reuiove any unchanged starting materials. The 
yield is practically theoretical and the product is a light, odourless 
powder, melting with decomposition at 243° C. It dissolves readily 
in acetone or benzene, is sparingly soluble in hot alcohol and insolu!)le 
in ether. 

Gyanurtri-triphenylphosphinimine. —3 grams of the preceding 
compound and 2 grams of triphenylphosphinc are mixed together and 
heated in an oil-bath to 180° C. The mixture melts and nitrogen is 
evolved, a pale brown mass resulting. This is triturated with ether 
and washed with the same solvent. The resulting product crystallises 
from xylene in white needles, M.pt. 239° C., soluble in hot alcohol, 
acetone, benzene or xylene, insoluble in ether. ^ 


Phosphorus Derivatives of Thiophene.® 

Thienyldichlorophosphine, 

CH—CH 

II II 

CH C.PCL 

V 

is obtained only in small yield when thiophene reacts with phosphorus 
trichloride in the presence of aluminium chloride. When the mixed 
vapours of thiophene and phosphorus trichloride are passed for 8 days 

' Nesting, J. praM. Chem.^ 1923, ( 2 ), 105 , 242. 

* Compare the following reaction (Staodinger and Meyer, Helv. Chim, Acta, 1919, 
2,635; Bcr„ 1921,54, 179): 

CeH5N3 + (CA)3P CAN==N-N=P(CA)3 CAN-PiCeH^la+N, 

* Sachs, J5cf., 1892, 25 ,1514, 
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over ])Tjnnce heated to dull redness, only 14 grams of the diehloro- 
])hos])hine rc'sult from 100 grams of thiophene, 00 grams of the latter 
being reeovered. The produet boils at 218° C. and is decfomposed by 
water to the })lK)S})hinous aeid. Treatment with ehlorine yields a teira- 
chloride, deeomposed by water to the ooryehloride and finally the phos- 
phinie a(*id. The oxyehloride, ( ^HjjS.POC'lg, is ])est obtained by treating 
tlie t(‘traehloridc with sulj)}iur dioxide^; il boils at 258° to 260° C. 

Thienylphosphinous acid, ( 4 H 3 S.P(OH) 2 , prepared as stated in 
tlie foregoing, forms needles, M.]>t. 70" ('., and has similar properties to 
the eorresponding phenyl eomj)ound. 

Thienylphosphinic acid, U 4 lT 3 vS.PO(OH) 2 , obtained from the 
tetraehloride and water, separates from the latter solvent as short 
needles, M.pt. 159° C., readily soluble in water or alcohol, less soluble 
in (ther, insoluble in l)enzene. The nonned silver salt is a whit(‘ powder, 
soluble in ammonium hydroxide and nitric aeid. 

Thienyldiethylphosphine, C4ll3S.P(C2H5)2, is formed by the 
condensation of zine diethyl and tluenyldiehloro]diosphine in ether 
solution. It is a pal(‘ yellow, pungent liquid, H.j)t. 225° C. With 
methyl iodide it gives ihienyldiethylniethylphosphoniuiii iodide, a white 
])owder, M.pt. 122° C., readily soluble in water or alcohol, insoluble in 
ether. The eorresponding yhosjdwnium chloride gives a plalinichloride, 
a yellow crystalline })owder. ThieayliriethylphosphoHium iodide has 
been isolated, but the reaction by which it is prepared is not so violent 
as with methyl iodide. 

PnospHoaus Compounds of tue Cakuazole Series.^ 

9-Alkyl (or benzoyl )-(!arbazole phosphinous acids are formed wlum 
])hosphorus trichloride reacts with 9-aIkyl (or benzo 3 d)-carbazoles. 

9-Methylcarbazole-3-phosphinous acid, 

I j- 

NCR.., 

9-Methyl(*arbazole is heated at 150° C. and slowly treated with f)hos- 
phorus trichloride. After cooling, the nutt is added to a mixture 
of sodium hydroxide (density 1*30) and ice. The whole is extracted 
with ether, concentrated, and the phosphinous acid preeif)itated by 
the addition of acid. The resulting earbazole derivative is very re¬ 
sistant to acids. S)-Ethylca7'hazole-H-phosphinous acid is obtained by 
a similar })roeess. 

The Interaction of Benzophenone and Hypophospiiorous 

Actd.2 

When benzophenone and hypophospiiorous aeid are heated together 
for some days, a homogeneous mixture is obtained. The mass is 
extracted with hot water, the addition of lead acetate to the solution 
precipitating the lead salt of an acid of the formula HO.C(C 6 H 5 ) 2 . 
P(0H)2. This salt is insoluble in water, but dissolves in acetone, 
alcohol or ether. The free acid, obtained by decomposition of the lead 

^ British Patent, 258744(1925). 

2 Marie, Co7npt. rend., 190.3, 136 , 508. 
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salt with hydrogen sulphide, crystallises from water in thin plates, 
M.pt. 150° to 151° C. It is soluble in all coninion solvents except ether, 
is stable towards alkalis and may be boiled with hydrochloric acid 
without decomposition. Oxidation with bromine gives an acid of 
(‘()m])osition HO.C(Ce.Il 5 )o.PO(OH) 2 , M.pt. 181° to 185° C., which is 
dibasic, and yields insoluble silver and barium salts. 

The Interaction of Aromatic’ Alcoiioj.s and Hypopiiosphorous 

Achd.^ 

Triphenylmethylphosphinous acid, (CJl 5 );iC\P(OH) 2 , is fornuxl 
when triphcnylcarbinol is heated with hypo])h(^sphorous aeid and the 
yellow produc't boiled with sodium hydroxide. The acid melts at 
?)l<° C. An oily residue of triphenylmethane remains and a little 
triphcnylcarbinol is rc'covered. When the reac-tion is carried out with 
sodium hypo])hosphitc in the ])resenee of ac’ctie jieid and sulphuric 
aeid, the earbinol is almost completely converted into the aeid, whilst 
the ])resenee of aeeti(‘ aeid alone gives an almost cpuintitative yield of 
the hydrocarbon. 

Tetramethyldiaminobenzhydrylphosphinous acid, CH[C6H4. 
N(CH 3 ) 2 ] 2 .P( 0 H) 2 , is obtained together with the corresponding hydro- 
c*arbon wlu^n hypo])hos})horous aeid reacts with ‘‘ Miehler’s hydrol.” 
The acid yields colourless crystals, M.pt. 90° C'., and reduces alcoholic* 
silver nitrate on boiling. 

In a similar manner dinaphthapyranol forms dinaphthapyran and 
dinajohthainirylphosphinous acid : 

C-toHe 

0<^ \uH.P(()H)2 

CioHe 

No furthcT details of this })rocluc‘t have been given. 

Indoeylphosphin es.‘** 

The indolylphosphines are c*olourless and odourless. The 2- and 
8-indolyl compounds yield N-silver derivative's, soluble in ammonium 
hydroxide, and arc unaffected by boiling concentrated alkali hydroxide. 
The 1-indolyl compounds, on the other hand, form no silver deriva¬ 
tives and yield r)hosphine on trea-ting with moist solvents or boiling 
with water. 

Tri- 3 -indolylphosphine, (CgIIeN) 3 P. -Indole, magnesium and 
ethyl bromide are caused to react, wdien magnesium indole results. 
This substance reacts with phosphorus trichloride in ether to give 
tri-3-indolylphosphine, M.pt, 195° to 196° C., and a small quantity of 
tri-l-indolylphosphine, M.pt. 223° to 225° C. The separation of these 
tw^o derivatives is effected by treatment with acetone. 

Tri- 2 -methyl-l-indolylphosphine, (C9H8N)3p, is produced by 
the interaction of magnesium 2-methylindole and phosphorus trichloride. 
It melts at 180° C. If magnesium 3-methylindole is used in the con¬ 
densation, tri-3-ni€thyU24ndolylphos2)hine, M.|)t. 156° to 158° C., results, 
and from it a m^thiodide is obtained, M.pt. 171° C. 

^ Fosse, Compt. raid., 1910, 150 , 178; Bull. 80 c. chim., 1910, [iv], 7 , 228, 231. 

^ Mingoia, Qazzetta, 1930, 60 , 144. 
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Phosphtnic Acids from some Unsaturated Derivatives.^ 

One of the chlorine atoms in phosphorus pentaehloride appears to 
hold a unique position in that the products of the reaction with indene, 
styrene, a-methylstyrene and r/.v;(y77?..-di})henylethylene in cold benzene 
solution, suffer hydrolysis accompanied by intramolecular separation 
of the fifth chlorine atom as hydrogen (chloride when treated with water. 
At much higher temperatures certain indones add on two chlorine 
atoms when treated with phosphorus pentaehloride, this decisively 
indicating the fission PCI 5 = PCI 3 +CI 2 . 

Indenyl- 2 -phosphinic acid, 

CH 
I! 

C.P0(0H)2 

C1I2 

Finely powdered phosjilioriis pentaehloride (105 grams) is suspended 
in 250 c.c. of dry benzene and 29 grams of indene added dro])wisc, 
moisture being excluded during the operation. A little hydrogen 
chloride is evolved, and after standing overnight, the colourless 
reaction mixture is poured into a large volume of water. A violent 
hissing results, accompanied by a sluggish evolution of hydrogen 
chloride ; complete solution is attained and in time the reipiired acid 
separates. After several hours this is remoxi'd and dried, about 32 
grams of crude product resulting. Oystallisation from 100 c.c. of 
acetic acid gives 25 grams of white crystals, M.pt. 184° C., turning 
deep red at 200 ° C\, })robably owing to oxidation to indone- 2 ~ 2 )hosphhiic 
acid. The acid is monobasic towards methyl orange and dibasic 
towards phenolphttialein. The ailver hydrogen, lead, mercurous, thallous, 
copper, mercuric, cadmium, nickel, ferric, ferrous, aluminium, barium 
and calcium salts are known. The aeid is stable towards bromine, but 
the presence of the ethylcnic linking is established by its c^onversion 
to hydrindyl- 2 -phosphinic acid. In the foregoing preparation the 
compound formed by the interaction of indene and phosphorus penta¬ 
ehloride, prior to the action of water, probably has the constitution 





Hydrindyl- 2 -phosphinic acid, 



A solution of 2 grams of indenyl- 2 -phosphinic acid in 25 c.c. of propyl 
alcohol is boiled for two hours with one gram of palladised barium 
sulphate, a stream of hydrogen being passed through the solution 
during the operation. After filtration, the solution is evaporated in 
vacuo at 50° C., and the residue crystallised from acetic acid and washed 
with methyl alcohol. About 0*6 gram of white prisms is obtained, 
^ Bergmann and Bondi, Ber., 1930, 63 , [B], 1158. 
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M.pt. 196® C. to a colourless liquid, the product yielding a wat(‘r- 
insolublc silver salt. 

1 -Benzylidene indenyl- 2 -phosphinic acid, 



II 


Four grams of indciiyl-2"})hos])hinic acid in 30 (*.c. ol‘ absolute alcohol, 
1*1 grams of sodium in 40 c.c. of absolute alcohol, and 2-1 grams of 
b('n/aldehyde in the same solvent, are shaken together on a machine 
for thr(‘(* days. The yellow product is removed, washed with a little 
alcohol and dissolved in hot water. After (iltration the solution is 
a(*idiiicd with hot dilute sul})huric acid and placed in an icc-(*hcst for 
twelve hours. The yellow needles which S(‘])arate (2 grams) are washed 
Avith a little ice-cold water, the ju-oduet melting at 188° to 189° C. and 
becoming red. The acid yields silver, lead and ferric salts. 

In a similar manner 1 -anisi/lideneinden}il-2-ph()sphinie acid, M.])t. 
192° C., and J-’piper()'riylideneindenjfl-2~phosphifiic acid, M.pt. 194° C., 
ar(! isolated as yellow needles showing decomposition on melting. 
Hk' formula* of these two compounds are as follows :— 

-(.!H Y’N--CH 

''' C ' 0 

I! !l 

(UI.C0H4.OCH, CH.CoHa^O^CH, 

Styryl-^-phosphinic acid, 

ch=ch.p()(()H)2 



is obtained from styrene and })hosphorns pentaehloride in benzene 
solution in a similar manner to indenyl-2-phosphinic acid. It forms 
white needles, M.pt. 146° C., and there are indications of cis-trans 
isomcrides being formed. The silver, lead, mercurous, thallous, ferrous, 
ferric, copper, nickel, barium and calcium salts arc known. Hydro¬ 
genation of the acid yields phenylethylphosphinic acid, M.pt. 137° 
to 138° C. 

a - Methyl sty ryl - ^8 -phosphinic acid, 

j^-C(CH), =CH.PO(OH), 


prepared by condensing a-methylstyrenc with phosphorus penta¬ 
ehloride and treating the resulting product with water, melts at 95° C., 
and yields silver, lead, mercurous, ferrous, ferric, nickel, barium and 
calcium salts. The corresponding hydrogenated acid is an oil. Oxida¬ 
tion of a-methylstyryl-jS-phosphinic acid by chromic acid affords 
acetophenone. 



MISCELLANEOUS PHOSPHORUS COMPOUNDS. 


165 


jSjS-Diphenylvinylphosphinic acid, 



C=^CH.1M)(0H)2 


is prepared from tlie interaetion of «&'^?w.-diphenjdcthylene and phos¬ 
phorus pentachloridc in dry benzene, followed by treatmciiit with 
water. It forms white crystals, M.pt. 1()7° C., and gives silver, lead, 
mercury, copper, nickel, ferrous, ferric, barium and calcium salts. The 
a(‘id (^an bo hydrogenated to ^^-diphenylethane-d-phosphinic acid, 
M.pt. 218° C., and oxidised to benzophenone. 


Phospiioiuis-Arsknk! Dkrivattves. 

Arseno-j)hosphorus eom})ounds have been obtained by treating 
m-amino-p-hydroxyphenylarsinie acid with j^hosphoiyl chloride in 
the presence of aqueous sodium hydroxide and subsequently reducing 
the mixture with sodium hydrosulphite. Th(^ compounds arc soluble 
in dilute sodium carbonate and in hydrochloric acid, their alkaline 
solutions reducing Fehling’s solution and Nessler’s and Tollen's re¬ 
agents. ^ 

For the determinatioji of phosphorus in organic compounds, see Hofmann, Her., 1872, 
5 , 104; Monihule, Ann. Chim. amd.^ 1904, 9 , 908; IVingsheim, Am.(r. Chfun. J 1904, 31 , 
986; Bvr., 1904, 37 , 2155. F'or the determination of (^arfum and iiydrogcm in organo- 
metallic phosphorus (‘ompounds, see Londner, Her., 1922, 55 , [B], 2025: Zcitsch. anal. 
Chain., 1925, 66 , 305. 


‘ English Batcnt, 9294 (1915); (Jerman Patent, 269700. 
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ALIPHATIC COMPOUNDS OF ANTIMONY. 

Compounds of the Type RgSb. 

The teiiiary alkyl stihines may b(‘ ])rodiicu(l in a variety of ways : 

(1) The most important method eonsists of treating magnesium 
alkyl halides with antimony trihalides. 

SRMgX + SbXa - RgSb + SM^^Xa 

This reaetion is always ae(;om])anied ])y the separation of finely divided 
antimony, and when alkyl stibincs arc mixed with antimony trichloride 
there is always immediate reduction to antimony. 

(2) An alloy of antimony and potassium is mixed with sand and 
treated with an alkyl iodide : 

K^Sb+^RI-R^Sb+^KI 

(8) By th(‘ interaction of zinc dialkyls and antimony trihalides : 
HRaZn + 2SbX3 - 2R3Sb + BZnXg 

(4) The zinc dialkyls in (3) may be replaced by mereiiry dialkyls : 

3R gHg + 2SbX3 = 2R3Sb + BllgX g 

(5) treating trialkylstibine dihalides with zinc ; 

R 3 SbX 2 + Zn - RgSb + ZnXg 

( 6 ) By heating quaternary alkyl stibonium iodides with potassium- 
antimony alloy in the presence of carbon dioxide : 

SR^Sbl +K3Sb =4R3Sb +3KI 

The quaternary stibonium compounds are formed in reaction ( 2 ) and 
have subsequently to be dealt with according to equation ( 6 ). 

All the trialkylstibines are clear liquids, having a peculiar odour, 
and owing to the ease with which they oxidise, special apparatus has 
been devised for their preparation. The lower members may be dis¬ 
tilled under reduced pressure, but tri-n-hexylstibine is partly decomposed 
under these conditions. The density of the compounds shows a regular 
fall as the series is ascended and the boiling-points rise. The compounds 
are only slightly soluble in water or aqueous alcohol, but dissolve 
in alcohol, ether or carbon disulphide. With the latter solvent they do 
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not yield coloured compounds like the (corresponding phosphines, and 
they only combine slowly with alkyl iodides. Trialkylstibines readily 
(combine with oxygen with evolution of heat, the clear liquid immediately 
becoming turbid, but as the molecular weiglit increases the ease of 
oxidation diminishes. Stibines ignite when warmed in air, w^ith forma¬ 
tion of antiinonious oxide. Chlorine, bromine, iodine, cyanogen bromide 
arid iodide, sulphur and selenium, readily combine with the stibines 
forming addition products in which the antimony Ixceomcs pentavalent, 
HgSbXg. TrimetJiylstibine forms a large number of double salts with 
platitniTU and palladium chlori(l(^s. The stibines reduce mercuric 
salts to the metal in the cold, and a similar reduction takes place with 
auric and silver salts on warming. 

TrUdkyhtibine Oxides. —Six stibine oxides are known: the methyl, 
(‘tl)yl, /i-])ropyl, n-butyl, ?i-amyl and /.soaniyl derivatives. The first 
two ar(‘ obtained by tr(‘aling the corr(\sponding sulj)hate wdth barium 
hydroxide or by regulated atmospheric oxidation of the stibine ; the 
remainder arc formed b}^ ili(‘ latter process. Oxidation of the stil)incs 
may also be brought about by treating their solutions in alcohol with 
finely divided mereurie oxide. The methyl, ethyl and /immyl oxid(‘s 
are solids, and the com]>ounds showr a deereasir\g sohdulity in water 
with rise of mok'cular weight; they exhibit de(‘idedly more basic 
})ro])erti(^s than the eorrcs])on(ling arsenical compounds. The nuthyl 
derivative forms a double compound with the diehloride, (CTI.j).,SbO. 
(CTJg)«SbCl2. 

Tri(dkiflstil)inc Sulphides and Selenides. .Only the methyl and ethyl 

com})oiinds are known with certainty, and these may be obtained as 
follows :— 

(1) An (‘ther solution of the stibine is luxated with sulphur or 
S(’lenium : 

RgSb+S^RgSbS 

RgSb+Se-RgSbSe 

(2) An aqueous solution of the trialkylstibine oxide is treated with 
hydrogen sulphide : 

RgSbO + HgS = RgSbS + HgO 

(3) Trialkylstibine dibromide is allowed to react with potassium 
ethylate and the })roduct tn^ated wdth hydrogen sulphide : 

RgSbRi'a -f 2KO( alig - R.jSb(OC + 2KBr 
R3Sb(OC2HB)2 + HgS ^RgSbS + 2C2II5OH 

The intermediate ethoxicic is not isolated in this process. 

The sul})hides are crystalline products, which melt wdth decomposi¬ 
tion. Triethylstibine sclenide is the only representative of its class, 
and it soon decomposes with separation of selenium. 

Trialkylstibine Dihalides, llydroxyhalides and Cyanolialides, —The 
dihalides may be isolated in several ways. The stibines (‘ombine 
directly with the halogens to give dihalides, but this method needs 
regulation, as some of the trialkylstibines of low molecular weight 
combine explosively w^ith the halogens. Chlorine has also been coupled 
to the antimony by heating the stibine in a sealed tube with hydrochloric 
acid. The latter is also capable of converting trialkylstibine oxides 




168 


ORGANOMETALLIC COMPOUNDS. 


or dinitrates to diehlorides. Antimony combines directly with alkyl 
iodides at about 140° C. to give trialkyIstibine di-iodides ; mercuric 
bromide or chloride can transform such di-iodides to dibromides or 
dichlorides. Magnesium ethyl iodide and antimony pentachloride 
rca(‘t to form triethylstibine dichloride, and a double com])ound of 
trirncthylstibinc dichloride and methyl mere uric* (*hloridc results when 
mercury dimethyl reacts with antimony trichloride. Hydroxyhalidcs 
arc known only in the methyl series, the hydroxybromide being pre- 
])ared by hydrolysis of the cyanobromide, this method of preparation 
being analogous to that used for the corresponding arsenical compounds : 

HgSb.C N.Br hH 2 O-R 3 Sb.OH.Br 4 IK N 

The colourl(\ss triniethylstibiue di-iodide appears to be most suitably 
represented by the formula 1 |Sb(CH 3 ) 3 ]'^+l“, i.e. as a completely 
ionised, tertiary electrolyte. This assumption is l)ascd on the fact 
that the compound does not exhibit an absor])tion band in the ultra- 
Aiolct region.^ The molecular condu(‘tivities oi‘ the dihalides when 
d(*termined in acetonitrile indicate that the compounds are weak 
(‘leetrolytes only if their hydrolysis is j)revcnted by the absence of wat(‘r. 
The hydroxychloride is represented by the formula |Sb(CH 3 ) 3 ( 01 !)] * (T , 
hydrogen chloride being liberated when a very large excess of water is 
])resent. Since its solution has an acid reaction, the hydroxychloride 
possesses only a slight tendency to eliminate hydroxyl ions. The 
colourless base is a very weak electrolyte, although both hydroxyl 
grou])s can be replaced if sufficient acid is added to precipitate the 
dihalide. 

Trimethylstibine, (CH 3 ) 3 Sb, may be prepared as follows : ( 1 ) 
The Grignard solution from 85-5 grams of methyl iodide and 0*1 grams 
of magnesium in 200 to 800 c.c. of dry etluT is treated dropwise with 
a solution of 18*9 grams of antimony trichloride in 80 to 100 c.c. ol‘ 
ether. The reaction is very violent and Mhen it is com})lete the flask 
is ))laced in an oil-bath and distillation carried out in a stream of (*arbon 
dioxide until the temperature reaches 170° C. The stibine distils over 
with the ether and is converted into its dibromide, from which it may 
be liberated as required. The yield of stibine is 00 to 70 per cent.‘^ A 
convenient ap]>aratus for obtaining the stibine from its dibromide is 
shown in fig. 1 .® Weighed quantities of the dibromide are introduced 
into the flask A together with a small quantity of water and the 
calculated amount of finely granulated zinc (Kahlbaum No. 1 ). The 
air in the apparatus having previously been expelled by a stream 
of carbon dioxide, the mixture is distilled and the trimethylstibine 
collected in tlie graduated receiver B. The reaction vessel E is turned 
through an angle of 120 ° by means of the movable rubber joint J, so 
that the filter disk L is raised above the reacting liquids. A slight 
excess of aqueous platinic or palladous chloride solution is delivered 
into E from the tap funnel D, and to this is slowly added the cal¬ 
culated amount of trimethylstibine from the graduated receiver B. 
As the tertiary stibine is not miscible with aqueous solutions, the 
chemical combination is facilitated by shaking the vessel E, and when 
the reaction is completed the apparatus is rotated so that the attach- 

^ Lowry and Simons, Ber., 1930, 63 , [B], 1595. 

2 Hibbert, Ber., 1906, 39 , 160. 

® Morgan and Yarsley, Trans. Chem. Soc.y 1925, 127 , 184. 
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mciits of the vessel E are in tlic vertical position, as shown in the 
diagram. By as])iration at K, the liquid contents of E are drawn 
through the filter on which the insoluble product is collected. The 
precipitate is now washed with ether introduced through the tap funnel 
C, and the ether washings arc as])irated into the receiver F. Here the 
aqueous and ether filtrates are separat(‘d, the ibrniea* being drawn off 
into the flask G, whilst the latter is colleetc'd in the distilling flask H, 
which is fltt(‘d witli a condenser P. On distilling off the solvent, a 
residue is obtained of tlie ether- 
soluble product, which is shown to 
be trim(‘thylstibine dieliloride. 

When aleoholie jflatinic chloride 
is eni})loyed the reaction is more 
vigorous beciause of the miscibility 
of trimelhylstibine with this 
medium. The insoluble product is 
collected as before on the filt(*r I., 
whilst the alcoholic flliratc and 
washings are drawn into tlie flask 
H. On removing the solvent, the 
residue contains triinethylstibine 
dieliloride and &/*.vtrimcthylslibine- 
diehloroplatinum (or palladium). 

The whole apparatus is so de¬ 
signed that the platinous and 
palladous derivatives of the highly 
inflammable triinethylstibine can 
be ])rej)ared, collected and desic*- 
eated in an inert atmosphere and 
out of contact with air. 

(2) Pure methyl iodide is slowly 
added to a mixture of an alloy of 
potassium and antimony and sand. 

The reaction is extremely violent 
and when it subsides the mixture is distilled in a carbon dioxide atmo¬ 
sphere, the stibine and methyl iodide combining to form tetraniethyl- 
stiboniuni iodide. This is dried and distilled with potassium-antimony 
alloy in the presence of carbon dioxide, when pure triinethylstibine is 
obtained.^ 

Trimethylstibinc is a transparent, colourless liquid, B.jit. C. 

at 760 mm., density 1*523 at 15'^ C., and has an odour resembling that 
of onions. In water or dilute alcohol it is only very slightly soluble, 
but it dissolves readily in absolute alcohol, ether or carbon disulphide. 
It is readily oxidised in air, but inflames only when in large (piantities. 
In chlorine gas it inflames. It combines directly with sulphur, cyanogen 
bromide ^ and cyanogen iodide at ~ 20° It reduces gold, silver 
and mercury salts to the free metals. Triinethylstibine reacts with 
platinic (‘hloride to yield the compounds detailed overpage. ^ 

^ Landolt, Annalen^ 1851, 78 , 91; 1852, 84 , 44; J. praki. Chem., 1861, 84 , 829; 
Jahresber.f 1861, p. 569. 

2 Morgan and Yarsley, Froc. Roy. Roc., 1925, no, 534. 

® Hantzsch and Hibbert, Ber., 1907, 40 , 1514. 

* Morgan and Yarsley, Trans. Chem. 80 c., 1925, 127 , 184. 
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The addition of trimethylstibine to aqueous platinie chloride in 
the air-free apparatus previously described gives an orange precipitate 
of tetrakistrhnethylstihine platinous 2 ^latinochlori(le, |Pt.4{CH3)3Sb]PtCJ4. 
This substance also results when a slight excess of aqueous potassium 
platinoehloride is added to tetrakistrimeihyhtihinv platinous chloride 
in water, or when tetrakistnmethyhtibine platinous platiniehloride is 
treated with a slight excess of aqueous (‘hloroplatinie acid. Tetrakis- 
trimethylstibiiie platinous platino(‘hloride, when left for several months 
or rapidly heated at 65° C., undergoes depolymerisation to ///evtrimethyl’ 
stibinediehloroplatinuni. Hoih modifications occur when trimethyl¬ 
stibine and platinie chloride react in alcoholic* solution ; the orange 
dimeric compound is precipitated, whilst the monomeric derivative 
remains in solution. Bhirimethylstibincdichh^^^ [ 2 (CH 3 )nSb. 

PtCloJ, crystallises Irom alcohol in ])ale yellow Ic'allets, and does not 
yield the “green salt of Magnus,” PtCl 2 {NII;i) 2 » when treated with 
“ lleiset’s chloride,” [Pt. lNIL^IClg* Whe n chlorine is passeci through 
an alcoholic solution of the compound, trimethylstibine diehloride 
results ; with hydroxylamine hydrochloride and sodium acetate eom- 
})lete reduction takes place, and with exec'ss of pyridine, tetrapyridine- 
platinous chlorides is formed. When <e/rc7^‘/.9trimethylstibineplatinous 
platinoehloride is treated with trimethylstibine and the resulting 
orange-brown crystals are allowed to interact with chloroplatinic aeicl 
in aciueous solution, a golden-yellow substance, tidrakistnjrtethifU 
stibineplatinous chloride, flt.4(C’n3)3Sb]Cl2, is obtained. This iTacts 
witli acpicous palladous chloride to give teircikistriniethiilstibincplaiiiious 
palladochloride, [Pt.4(CIl3)3SbJPd(l4, consisting of brown h'allcts de- 
comj)osing completely in 24 hours on ex}K)surc to the air. 

If the foregoing reactions are re])eated with tri-i<-butylstibinc, good 
results are not obtained, only bistri-ridnitylstibincdichloroplatimim being 
produced, and analysis shows that the j)roduct has unde rgone extensive 
decomposition. 

In a similar manner the following ])alladium derivatix es are obtained: 
Ilis'trimeihylstibineduMoropalladium^ [ 2 (CH 3 ) 3 Sb.PdC^|, an orange- 
yellow deposit at low temperatures, becoming lemon-yellow at ordinary 
temperature, prolonged warming causing dee*omposition withemt melting, 
metallic palladium se})arating. During the preparation of this com¬ 
pound the more soluble teirakisirimethylstibinepalladous chloride, 
[Pd.4(CTl3)3Sb]Cl2, is })rodueed and separates from the aqueous filtrate 
as well-defined, golden-orange needles, contaminated with trimethyl¬ 
stibine diehloride. The tetrakis-vompound is readily soluble; in water, 
but decomposed on boiling. The* same compounel results when tri¬ 
methylstibine in excess reacts with 6?.s*triniethylstibincdichloropalladium. 
Boiling with dilute hydroehlorie; acid or a large excess of chloroform 
converts the tetrakis-deriyativo into a lemon-yellow substance,| (CH 3 ) 3 Sb. 
PdClgJH, whie;h, unlike other pallado-compounds, is stable on keei)ing. 
It yields a light brown precipitate with caesium hydroxide. 

A summary of the formation of these compounds is given in the 
scheme on p. 171. 

Triethylstibine, (C 2 H 5 ) 3 Sb, is obtained as follows: (1) By the 
interaction of an alloy of potassium and antimony with ethyl iodide.^ 
(2) By treating antimony trichloride with zinc diethyl.^ (3) By re- 

^ Lowig and Schweizer, Armalen^ 18.50, 75 , 315. 

* Hofmann, Annalen, 1857, 103 , 357. 
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[Pt.4(CIl3)3Sb]PtCle 
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placing the zinc diethyl in ( 2 ) by mercury diethyl.^ (4) By distilling 
triethylstibine di-iodide with zinc.- The stibine is a colourless, strongly 
refractive liquid, B.pt. 158-5° L\ at 780 mm., or about 75° C. at 16 to 
18 mm.,^ density 1-3244 at 16° C.; it does not solidify 
at - 20 ° C. It has an odour resembling that of onions, 
and fumes and burns in air with a luminous flame. It 
is readily soluble in alcohol or ether, but insoluble in water. 

With fuming hydrochloric acid it is converted into tri¬ 
ethylstibine dichloride and hydrogen. It combines slowly 
with ethyl iodide. 

Tri - n - propyls tibine , * ( 3H 7 ) gSb, obtai ned from 
antimony trichloride and magnesium w-pro])yl bromide, 
boils at 100° C. at 25 mm., or at 118° C. at 39 mm., 
density 1-241 at 25° C. The yield from 62 grams of the 
alkyl bromide is about 11 grams of pure product, whicdi 
possesses a penetrating, alliaceous odour. The apparatus 
used for preparing this and the following stibines is as 
shown in fig. 2 . It consists of a widc-necked bottle, of 
1 litre capacity, fitted with a rubber stopj)er carrying 
a mercury-sealed stirrer, a dropping funnel, a reflux con¬ 
denser, an inlet tube for hydrogen, and a siphon whereby 
liquid layers may be withdrawn and separated in the 
absence of air. The exterior limb of the siphon is fitted 
with a tap and it slides smoothly through a glass 
jacket fixed in the stopper of a separating funnel. Air-tightness is 
secured by stretching rubber tubing over both the jacket and the limb 
of the siphon. The other limb of the si})hon passes into the reaction 





FUNNEL 


V 


Fio. 


^ Buckton, Quart. J. Chem. 80 c., 1863, 16 , 22; Jahresber., 1863, p. 470, 

2 Buckton, Quart. J. Chem. 80 c., 1861, 13 , 118; Jahresber.^ 1860, p. 373. 
* Gdittner and Wiemik, Ber., 1916, 48 , 1749. 

^ Dyke, Davies and Jones, J, Chem. 80 c., 1930, p. 463. 
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bottle by a similar device, which permits adjustment of the siphon to 
any desired level. The separating funnel is provided with two tubes 
with taps to serve either as inlet or outlet, respectively, for carbon 
dioxide, or for the application of suction. ^ 

The Grignard solution is prepared by dropj)ing the freshly })re- 
pared alkyl halide, dissolved in 150 c.e. of ether, on to 12-1 grains of 
magnesium turnings immersed in 150 c.c. of ether to which a granule 
of iodine has been added. Throughout th(‘ })reparation of this solution 
and its interaction with antimony trichloride, pure dry hydrogen is 
])assed over the litpiid. The liquid is cooled to 0° C. and 38-1 grams 
of freshly redistilled antimony trichloride in 100 c.c. of ether arc added 
drop by drop. After the addition is complete tlui mixture is warmed 
for half an hour, again cooled to 0*^ C., and then treated with ammonium 
chloride solution. The separating funnel is now lilled with pure dry 
carbon dioxide and the ether layer transferred irom the reaction botth' 
to the funnel. In this way an unclouded solution is obtained. 

Tri-n-butylstibine, boils at lai*" C. at 12 nim., and 

has a density of 1*191 at 25° C. TriAsohiiUjlsiibine^ obtained from 
magnesium /6‘obutyl bromide and antimony trichloride, has ll.])t. 135° C. 
at 31 mm., density 1*323 at 25° C. The first runnings in the distillation 
of the crude products contain ^e-dimcthylhexane. The butylstibines 
possess a mixed alliacH^ius-butyric odour, I'he isiAmtyl compound is 
distinctly yellow. 

Tri-n-amylstibine, (C5H|j)3Sb.—From 7G grams of n-amyl 
bromide about 15 grams of the stibiiui arc produced, R.pt. 168° C\ at 
10 mm., density 1 *136 at 18° G. In this preq)aration 8 grams of n-decarie 
are obtained as a by-product. 

Tri-dl-)8-methylbutylstibine, (C5lIii)3Sb, boils at 150° C. at 
14 mm., density 1 *242 at 25° C. ; the synthetic a(;tion of the magnesium 
gives y^-dimcthyloctane in the course of the })reparation. 

Tri-isoamylstibine or Tri-y-methylbutyhiibine, (€51151)381), may 
be isolated in two ways; (1) I3y the interaiition of equivalents of 
antimony trichloride and magnesium t\sY)amyl bromide 10 grams of 
the stibine are obtained, B.pt. 149° C. at 14 mm., density 1*227, and 
10 grams of jSTy-dinicthyloctane are formed as by-product. (2) By 
the interaction of potassium-antimony alloy and i6*oamyl iodide.^ 
When distilled in a stream of carbon dioxide under atmospheric pressure, 
the stibine passes over with considerable decomposition at about 
260° C. It fumes in air, hut is not spontaneously inflammable. In 
ether it is readily soluble, sparingly soluble in absolute alcohol, insoluble 
in water. When heated with t^aamyl iodide no condensation takes 
place even at 100° C. All the amylstibines have a predominating 
amylic smell; n-amylstibinc is colourless, but the j3- and y-methyl- 
butylstibines are both yellowish. 

Tri-n-hexylstibine, (C6Hi3)3Sb,2 boils at 190° C. at 10 mm. with 
partial dec^omposition and liberation of antimony. The distillate has 
a density of about 1*15 at 25° C. The odour resembles that of n-hexyl 
alcohol. n-Uodecanc is formed as a by-product in the preparation. 

^ Cramer, Jahre^ber,^ 1855, p. 590; Berle, «/. prakt, Chem., 1855, 65 , 385; Annalen. 
1856, 97 , 316. 

2 Dyke, Davies and Jones, he. cit. 
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Compounds of the Type RgSbXg. 

Trimethylstibine oxide, (CH 3 ) 3 SbO, occurs when the sulphate, 
(CH 3 ) 3 Sb.S 04 , is treated with barium hydroxide, filtered and evaporated. 
The residue is taken up in alcohol and the solution evaporated in the 
absence of carbon dioxide. The oxide forms a white, crystalline mass, 
very soluble in water or alcohol, insoluble in ether.^ It is also formed, 
together with other products, when an ether solution of trimethyl- 
stibinc is slowly evaporated in air. It forms a double compound with 
the dichloride^ (CH 3 ) 3 SbO.(CH 3 ) 3 SbCl 2 ,‘‘^ crystallising in regular octa> 
licdra, soluble in water or alcohol. 

Trimethylstibine dichloride, (CIl 3 ) 3 SbCl 2 , is prepared (1) by 
treating trimethylstibine in carbon disul])hide solution with (dilorine,*'^ 

(2) by the interaction of trimethylstibine oxide and hydrochloric acid, 

(3) by heating trimethylstibine and hydrochloric acid together in a 
scaled tube, (4) by allowing antimony trichloride and mercury dimethyl 
to rea(‘t, when a double compound of trinadhylstibine diehloride and 
methylmercuric chloride is isolated.^ The dichloride crystallises from 
water in hexagonal crystals, ' which dissolve readily in hot alcohol. 

Trimethylstibine dibromide, (CH 3 ) 3 SbHr 2 . A cold alcoholic 
solution of the stibiiu' when treated wdth bromine gives a white crys¬ 
talline precipitate of the dibromide.® The sani(‘ substance occurs when 
the di-iodide is treated with mercuric bromide.'^ Sparingly soluble in 
cold alcohol or water, the di bromide is more soluble when warm solvents 
are used. It behaves towards sodium hydroxide and phenolphthalein 
as a free hydrogen halide. Its molecular conductivity ju==5()0 to 521 
with to 1024.® It forms a double compound with the oxide, 

(CIl3)3SbO.((H3)3SbHr2, which crystallises in n('(‘dles from alcohol, 
being sj)aringly soluble in the (*old solvent, readily soluble in water. 
The molecular conductivity /x —201 *2 to 248*0 with r -80 to 1280. 

Trimethylstibine hydroxychloride, (CIl3)3SbC1.0Il, occurs when 
trimethylstibine dihydroxide in acpicous solution is treated with con¬ 
centrated hydrochloric acid. It is soluble in water, st‘parates from ether 
in minute colourless })lates and from alcohol in silky needles.® Hy a 
similar process a w^ell-defined hydroxifpicrote is isolated as a ])alc yellow^ 
product. 

Trimethylstibine cyanobromide, (LH 3 ) 3 SbBr.CN, is formed by 
the condensation of cyanogen bromide and trimethylstibine in petroleum 
in an inert atmosphere. An apparatus of specual design (p. 169) is 
us('d to carry out the preparation. The cyanobromide is a colourless, 
crystalline solid, insoluble in cold anhydrous organic solvents, but 
rapidly hydrolysed by moisture to yield the hydroxybromide. 

Trimethylstibine hydroxybromide, (CH 3 ) 3 SbBr. 01 I, is a white, 
crystalline compound, formed as indicated above. It dissolves readily 
in cold water, and separates from alcoholic solutions as lustrous, white 

^ Landolt, ,7. jwakt. Cham., 1861, 84 , fi], 331: Jahrtahn,, 1861, p, 570. 

^ Hantzsch and Hibbort, Rer.^ 1907, 40 , 1508. 

^ Landolt, loc. nit. 

* Buckton, Quart. J. Chem. Snjc., 1863, 16 , 22; Jahrndjrr.^ 1863, p. 470. 

® vom Rath, J. prakt. Chnm., 1861, 84 , [i), 334. 

" Landolt, loc. cit. 

’ Landolt, Anmlen, 1852, 84 , 44. 

® Hantzsch and Hibbort, loc. cit. 

® Morgan and Yarsley, PriK. Roy. Soc., 1926, no, 534. 
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needles, w hich decompose w^ithout melting. Warming with a suspension 
of silver oxide for one hour on the water-bath converts the hydroxy- 
bromide into trirnethylstibine dihydroxide, ((;'H 3 )j,Sb(OH) 2 , consisting 
of colourless, microscopic crystals, slightly hygroscopic, but otherwise 
stable. 

Trirnethylstibine di-iodide, (CH3)3Sbl2, may be obtained by 
treating the stibinc with iodine in the presence of alcohol ^ or by heating 
metallic antimony in a scaled tube with methyl iodide at 140° C.^ It 
crystallises from water in hexagonal prisms and from alcohol in needles, 
M.pt. 107° C., being readily soluble in hot water or alcohol, sparingly 
soluble in ether. Trirnethylstibine combines with cyanogeyi iodide in ether 
solution at - 20 ° C. to give a compound which is probably (CTl 3 ) 3 Sb.CNI; 
this is, how^cver, readily decomposed, and with water or alcohol is 
converted into th(' double compound of the iodide and oxide, (CH 3 ) 3 SbO. 
((' 113 ) 381 ) 12 ,^ citron-yellow octahedra, decomposing on warming with 
water. 

Trirnethylstibine hexaiodide, (CH 3 ) 3 Sbl 6 ,^ occurs when an 
aqueous solution of the di-iodide is treated with iodine. It forms 
grcenish-black needles, M.])t. 68 ° to 70° and is rather unstable. 

Trirnethylstibine dicyanide, (CH 3 ) 3 Sb(CN) 2 , is not a very stable 
compound, forming as a yellow crystalline precipitate wdicn silver 
cyanide reacts with the foregoing di-iodidc.^* 

Trirnethylstibine dithiocyanate, (CH 3 ) 3 Sb(CNS) 2 , is formed by 
heating the dichloride in alcohol solution with potassium thiocyanate. 
It separates as white crystals, readily soluble in hot water and organic 
solvents, sparingly soluble in cold water.^ 

Trirnethylstibine sulphide, (( 113 ) 381 ) 8 .—An ether solution of 
trirnethylstibine is w^armed with sulphur, or an aqueous solution of 
trimethylstibine oxide is treated with hydrogen sulphide.*^ The sulphide 
also occurs when an ether solution of trirnethylstibine dibromidc is 
treated with potassium ethylate and the filtrate subjected to the action 
of a current of hydrogen sulphide.® It forms crystals from alcohol, 
M.pt. 168° C. with decomposition, is sparingly soluble in cold w^ater, 
being more soluble in alcohol or ether. 

Trimethylstibine sulphate, (CH 3 ) 38 b 804 , is the product of 
interaction of the di-iodide and silver sulphate in hot aqueous solution. 
It forms a white, semi-crystalline mass, soluble in water, less soluble in 
alcohol.® 

Trimethylstibine dinitrate, (CH 3 ) 38 b(N 03 ) 2 , may be prepared 
either by dissolving the stibinc in nitric acid or by treating the di¬ 
iodide with silver nitrate. It forms colourless crystals, soluble in 
water or alcohol, insoluble in ether. 

In addition to the foregoing salts, the following are mentioned in 
the literature: hydrogen sulphate, quadratic plates; carbonate, de¬ 
liquescent, unstable, yellowish crystals; bicarbonate, deliquescent, 
stellate groups of needles ; acetate, unstable, dark syrup ; acid tartrate, 
very soluble in water ; oxalate; small deliquescent crystals.^® 

^ Landolt, loc, cii. 

2 Buckton, Quart. J. Chern. Soc., 1861, 13 , 119; Jahresber., 1860, p. 374. 

® Hantzsch and Hibbert, loc. cit. 

* Lowry and Simons, Ber., 1930, 63 , [B], 1695. ** Landolt, loc. cit. 

® Hantzsch and Hibbert, loc. cit. ’ Landolt, loc. cit. 

® Hantzsch and Hibbert, /oc. cit. • Landolt, loc. cit. 

Landolt, Annalen, 1862, 84 , 44. 
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Triethylstibine oxide, (C2ll5)3SbO, is prepared by the following 
Jiietliods : (1) In an impure state by oxidation of triethylstibine either 
by burning or exposing an ether solution to the air. The by-product 
is ethylstibinie aeid.^ (2) An aqueous solution of triethylstibine 
sulphate is treated with barium hydroxide, the barium sulphate removed 
and the filtrate evaporated on the water-bath. The residue is extracted 
with alcohol, (carbon dioxide passed tlirough the solution, the barium 
carbonate filtered off and the alcoholic filtrate evfiporated. (3) An 
alcoholic solution of triethylstibine is shaken with finely divided mer¬ 
curic oxide, free mercury separating out and the organic; oxide remain¬ 
ing in solution, from whieli it may be obtained by evaporation. The 
oxide scjiarates as a colourless, viscous mass, having a very bitter taste ; ^ 
it may be solidified by drying ovct concentrated sulphuric acid, but 
wdien heated on the water-bath it becomes liquid again. It is readily 
soluble in water or ah'ohol, but sparingly soluble in ether. It combines 
directly with mineral acids, forming salts, and precipitates hydroxides 
of the rnctals from salt solutions. An ether solution of the stihine 
oxide reacts with antimonioiis oxide forming an amorphous compound, 
(C2H5)3Sb().81)20.3, solul)le in water or alcohol, and yielding tricthyl- 
stibine dichloride on treatment with coiicentrated hydrochloric aeid.^ 

Triethylstibine dichloride, (C2ll5)3SbCl2.—Several methods are 
a\ ailable for isolating this suhstance : (1) Chlorine combines directly 
with triethylstibine*, but the reaction is very violent and difficult to 
control.^ (2) The stibine may be treated with fuming hydroc;hloric 
a(*id. (3) C oncentrated hydrochloric acid is added to a solution of the 
dinitrate and tlu* whole evaporated down. The dichloride separates 
as an oil, which is dissolved in alcohol and precipitated by dilution 
with w'ater. (1) Magn(;sium ethyl iodide and antimony pentachloride 
react to form the dichloride. ^ The diehloridc is a colourless, highly 
refractive liquid, density 1*540 at 17° C., and does not solidify at - 12° C\ 
It has a bitter taste, a terpenoid odour, is insoluble in water, readily 
soluble in alcohol or ether, and slightly volatile in steam. Concentrated 
sul})hnric acid decomposes it with evolution of hydrochloric acid. 
The double compound with the oxide, (C'2ll5)3SbCl2.(C2H5)3SbO, is a 
deliquescent mass, obtained by treating an acpieous solution of the 
iodide double compound, (C2ll5)3Sbl2.(C2ll5)3SbO, w^ith mercuric 
chloride.® 

Triethylstibine dibromide, (C2ll5)3SbHr2, occurs when an 
alcoholic solution of the stibine is treated drop wise with a similar 
solution of })romine.’ It is purified by the method described for the 
dichloride. The dibromide is a colourless, strongly refractive liquid, 
density 1*953 at 17° C., solidifying to a snow-white mass at -10° C. 
It has a terpenoid odour, causes violent sneezing and is tear-exeiting 
when warmed. In water it is insoluble, but solutions may be obtained 
in alcohol or ether. Concentrated sulphuric acid (;auses evolution of 
hydrobromic acid, and chlorine displaces bromine. 


‘ Lowi^^ and Schweizer, Arinalen, 1850, 75 , 315; Lowig, ibid.., 1853, 88 , 323. 
^ Compare Merck, Anmilen, 1856, 97 , 329; Streeker, ibid., 1858, 105 , 310. 

® Lowig, loc. cit. 

^ Lowig and Schweizer, loc. cit. 

* Pfeiffer and Schnurmann, Ber., 1904, 37 , 320, 

• Merck, loc. cit .; Streeker, loc. cit. 

^ Ldwig and Schweizer, loc. cit. 
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Triethylstibine di-iodide, (C2ll6)3ShT2. —An alcoholic solution 
of triethylstibine is treated with iodine and thc^ solution evaporated 
to crystallising point. Purifieatioji is effected by (aystallisation from 
alcohol or ether. The di-iodide also occurs when ethyl iodide is heated 
at 11()° C. in a sealc^d tuV)e with coarse metallic antimony.^ It crystallises 
in (‘olourless needh's, which may be 0*5 in. in length and difhcult to 
purify. It melts at 70 - 5 ° C. and sublimes at 100'’ G., is very soluble in 
alcohol or etlu'r, less soluble in water. The molten iodid(‘ is immediately 
decomposed by metallic potassium. Chlorine and bromine cause tl\e 
liberation of iodine, whilst hydrochloric and nitric acids give the di- 
(ddoride and dinitrate, respectively. The double compound with the 
ooridc, (CaHfj)3SbI2-(C2^15)381)0, is formed when the di-iodide is treated 
with alcoholic ammonia ^ or when the di-iodide and oxide are mixed 
in alcohol; ^ it crystallis(‘s in octahedra or tetrahe'dra, and mercuric 
chloride or bromide converts it to the corres])onding dichloride or 
dibromidc, res])ectively. 

Triethylstibine sulphide, (C2H5)3SbS, may be isolated (1) by trcjii - 
ing an ether solution of tlie stibine with snlphur (a less satisfactory 
method is to carry out the addition under water); ^ (2) by treating 
an alcoholic solution of the oxide with h^^drogen sulphide.'* It forms 
a while?, silvery mass, M.pt. 100'’ C., soluble in water, alcohol or warm 
ether.** Above its melting-point it forms volatile ])roducts r(‘sembling 
mcrc’aptan, atid with metallic potassium some triethylstibine results. 
With acids hydrogen sulj)hide is evolved, and from metallic salt solutions 
the sulj)hide })rccipitates sulphides of the metals. Treatment with silver 
cyanide yields an unstable dicyanide. 

Triethylstibine selenide, (C2li5)3SbSe. An ether solution of the 
stibine is boiled with preei})itated selenium ; on cooling crystals of the 
selenide se})aratc. The product soon decoin[)oses in air with precipita¬ 
tion of selenium. 

Triethylstibine sulphate, (C2ll5)3SbS()4, is best obtained by 
double decomposition between triethylstibine sulphide and coj)per 
sulphate in aqTieous solution. Sulphuric acid transforms the oxide 
and dihalides to the sulphate, but excess of acid hinders crystallisation. 
The sulphate forms colourless crystals, M.pt. lOO® C., very sohible in 
water, less soluble in alcohol and insoluble in ether. Hydrochloric acid 
precipitates the dichloride from aqueous solutions of the sulphate. 
The double compound with the oxide^ (G2n5)3SbS04.(C2H5)3Sb0.H20, 
occurs when the oxyiodidc, (C2H5)3Sbl2.(C2115)381^0, is treated with 
silver sulphate.’ 

Triethylstibine dinitrate, (C2H5)3Sb(N03)2.—When triethyl¬ 
stibine or its oxide is dissolved in dilute nitric acid, the nitrate results. 
The solution is filtered and evaporated.® Nitihr acid will also displace 
the halogen from the dihalides. The dinitrate forms rhombic crystals, 
M.pt. 62 * 5 ° C., solidifying to a crystalline mass at 57 ° C. It is readily 
soluble in water or alcohol, sparingly soluble in ether. Its solution has 

^ Buck ton, Utc. cit. 

® Merck, lor. cit. 

^ Strecker, loc. cit. 

* i^owig and Schweizer, loc. rU. 

® Merck, loc. cit.; compare Liiwig, loc. rii. 

® Lowig and Schweizer, loc. cit. 

’ Merck, loc. cit.; compare Strecker, loc. cit. 

“ Ijdwig and Schweizer, loc. cit. 
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a bitter taste and is acid to litmus, a characteristic of all the ethyl 
compounds. It is converted into the dichloride by concentrated 
hydrochloric acid, but is unaffec*ted by hydrogen sulphide. The 
oxynitrate, (C 2 ll 5 ) 3 Sb(N() 3 ) 2 .(C. 2 H 5 ) 3 SbO.H 20 , is prepared from the 
oxyiodide by the action of silver nitrate; ^ it forms a stellate mass, 
readily soluble in water. 

Tri-n-propylstibine oxide, (C.jIl7)3SbO,^ occurs when an absolute 
alcohol solution of the stibine is shaken with mercuric oxide. The 
product is a gelatinous mass, soluble in alcohol and possessing a very 
bitter taste. When tri-?i-propylstibine reacts with .atmospheric oxygen 
it yields tri-n-propylstibinic metanthnonite, (C 3 H 7 ) 3 Sb 0 .Sb 203 , a white 
solid, unchanged at 220 ° C. 

Tri-n-propylstibine sulphide, (1^3117)381)8. —When dry hydrogen 
sulphide is passed into .an absolute alcohol solution of tri-n-])ropyl- 
stibinc oxide, a solution results from which the sulphide is dejKxsited 
as small, yellowish needles, M.pt. 88 ° C., darkening on ex])osure to the 
air. lloiling with acids liber.atcs hydrogen sulphide, stibine also iDcing 
(‘^olved. Tlie sulphide is decomposed when its alcohol solution is 
warmed. When a mixture of tri-n-propylstibine, powdered rhombic 
sul])hur and water is refluxed for two hours, impure tri-n-propylstibiiiic 
metathioantirnonite, (C' 3 ll 7 ) 38 b(SbS 2 ) 2 , is isolated. This is a brown 
solid, insoluble in water, alcohol or ether, blackening at about 180° C., 
but unmerited at 200 ° C. 

Tri-n-propylstibine dichloride, (C 3 H 7 ) 38 b(l 2 , is prepared by 
mixing solutions of chlorine and the stibine in e.arbon tetrachloride 
and evaporating off the solvent in a vacuum. It is a mobile liquid 
with a ple.asant odour, deeom})osed on distillation. 

Tri-n-propylstibine dibromide, (C 3 H 7 ) 38 bBr 2 , occurs when 
bromine replaces the chlorine in the preceding preparation. The 
dibromide forms colourless crystals from ether, M.pt. 45° C., but when 
treated with water it is immediately hydrolysed. Distillation causes 
deposition of antimony. 

Tri-n-propylstibine di-iodide, ( 03117 ) 381 ) 12 , is obtained in quanti¬ 
tative yield by the foregoing method. It forms a yellow, semi-solid 
mass. 

Tri-n-butylstibine oxide, (C 4 ll 9 ) 38 bO, prepared in a simikar 
manner to the 72-])ro})yl compound, is a viscous syrup, possessing a 
bitter taste and an odour reminiscent of that of linseed. The tri-n- 
butylstihinic metaiitiinonite, (C 4 ll 9 ) 3 SbO. 813303, is prepared in the 
usual way. 

Tri-n-butylstibine dichloride, (C 4 H 9 ) 3 SbCl 2 , prepared similarly 
to the })ropyl compound, is a spirituous-smelling heavy liquid which 
decomposes on being distilled. 

Tri-n-butylstibine dibromide, (C 4 H 9 ) 3 SbBr 2 . ~ 4 grams of finely 
powdered antimony and 10 c.c. of w-butyl bromide arc heated together 
for thirty hours at 250° C. Extraction of the mass with ether and 
evaporation away of the solvent gives the bromide as an oil. It may 
also be prepared by mixing ether solutions of tri-n-butylstibine and 
bromine. 

Tri-n-butylstibine di-iodide, (C 4 H 9 ) 3 Sbl 2 , isolated from its 
components in chloroform solution, is a soft, oily solid, slowly de¬ 
composed by boiling water. 

^ Merck, loc. cit. 2 pyke and Jones, J. Chem. Soc.^ 1930, p. 1921. 

VOL. XT. : III, 12 
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Tri-n-amylstibine oxide, (C 5 Hii) 3 SbO, forms a thick syrup, and 
tri-n-amylstihinic mMantimonite, (C5Hji)3Sb(Sb02)2, is an insoluble, 
infusible white powder. 

Tri-n-amylstibine dichloride, (C 5 Hi]) 3 SbCl 2 , obtained as an 
unstable, sweet-smelling liquid, is readily decomposed by water ; the 
corresponding dihromide is a white, pasty mass, slowly decomposed by 
water. 

Tri-isoamylstibine oxide, (C 5 Hj|) 3 SbO, is a greenish-yellow 
mass, formed by the spontaneous evaporation of an ether solution of 
tri-?>eaniylstibine.^ It is insoluble in water, sparingly soluble in ether, 
soluble in absolute alcohol. 

Tri-isoamylstibine dichloride, (C 5 Hi,) 3 SbCl 2 , occurs when the 
preceding compound is dissolved in hydrochloric acid. It is a viscous 
oil, heavier than water, soluble in alcohol or ether, decomposing when 
heated above 1(50® C. 

Tri-isoamylstibine dibromide, (C 5 Hii) 3 SbBr 2 .—This compound 
and the corresponding iodide^ (C 5 Hii) 3 Sbl 2 , are obtained by treating 
the oxide with the respective halogen acids. The iodide is also said 
to occur when tri-w'oamylstibinc is treated with iodine. Both products 
resemble the diehloride in properties. The di-iodide yields with silver 
sulf)hate an oily })roduct, probably tri-isoamylstilmie sulphate, 

Tri-isoamylstibine dinitrate, (C 5 Hii) 3 Sb(N 03 ) 2 , may be isolated 
by treating either the diehloride or di-iodide with silver nitrate in 
alcoholic solution. It separates from dilute spirit in white crystals, 
melting at about 20® C., soluble in aqueous al(‘ohol, insoluble in water 
or ether. 

A basic tri-isoamyloo'ide and corresponding sulphide arc mentioned 
in the literature, biit their existence seems doubtful. 

Quaternary Stibonium Compounds. 

Compounds of this class have been known since 1851—that is, three 
years before the discovery of the first arsonium compound. The 
initial compounds isolated were the iodides, R 4 SbI, owing to the fact 
that trimcthylstibine combines cxothermi(*ally at room temperatures 
with methyl iodide to give tetramethylstibonium iodide. In the ethyl 
series the components require heating to 100° C. before the addition 
occurs, whilst tetrapropylstibonium iodide cannot be obtained by this 
method, but is formed when antimony amalgam, Sb 2 Hg 3 , is heated 
with propyl iodide at 183® C., the resulting product being a double 
compound, (C 3 H 7 ) 4 SbI.Hgl 2 . Treatment of stibonium iodides with 
freshly precipitated silver oxide transforms them into hydroxides, from 
which salts may be formed by the action of acids. The iodides, when 
evaporated down with hydrochloric acid, yield chlorides, and mercuric 
salts are capable of producing similar transformations. In addition 
to stibonium compounds of the type Alk 4 SbX, the following types are 
also known: Alk'AlkgSbX, ArAlk 3 SbX, ArAlk'AlkgSbX. Those con¬ 
taining aromatic radicals are included here because they are the only 
stibonium compounds known which contain aromatic groupings. The 
mixed aliphatic compounds are formed according to the equation 

AlkgSb + AlkT - Alk'AlkgSbl 


1 Berl 6 , J, fraU, Chem,, 1855, 65 , 385; Annalm^ 1856, 97 , 316. 
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whilst the aliphatic-aromatic derivatives are isolated according to 

ArAlkaSb+Alkl =ArAlk 3 SbI 

ArAlkgSb + Alk'I - ArAlk'AlkgSbl 

The stibonium halides form double compounds with the halides 
of gold, mercury, bismuth and platinum. Taken on the whole the 
stibonium compounds are less deliquescent than the arsonium 
derivatives. 

Compounds of the Type Alk^SbX 

Tetramethylstibonium hydroxide, (CH 3 ) 4 SbOH.—An aqueous 
suspension of freshly precipitated silver oxide is shaken with tetra- 
mcthylstibonium iodide, the mixture filtered and the filtrate evaporated 
in vacuo A white, deliquescent, crystalline mass results, which is 
slippery to touch, and has the alkaline characteristics of potassium 
hydroxide. It is readily soluble in water or alcohol, insoluble in ether; 
it absorbs carbon dioxide from the atmosphere and precipitates 
hydroxides of the metals, including barium hydroxide, from aqueous 
salt solutions. An aqueous solution of the hydroxide fumes with 
hydrochloric acid and forms neutral and acid crystalline salts with 
this and other acids. It liberates ammonia from ammonium salts, and 
after precipitating zinc hydroxide is capable of redissolving it when in 
cxc'css. It dissolves sulphur, the addition of acid to such a solution 
liberating hydrogen sulphide. The conductivity of a solution of one 
gram-molecule of the base in 16 litres of water is 166.- 

Tetramethylstibonium chloride, (CH 3 ) 4 SbCl.—The foregoing 
hydroxide may be treated with hydrochloric acid or the iodide evapor¬ 
ated down with this acid.® The chloride also results when the iodide 
is treated with mercuric chloride. It forms white, hexagonal plates, 
very soluble in water or alcohol, sparingly soluble in ether. With 
platinic chloride it forms a double salt, 2 [(CH 3 ) 4 SbCl].PtCl 4 , orange- 
yellow crystals, soluble in hydrochloric acid, very sparingly soluble in 
water, alcohol or ether. 

Tetramethylstibonium bromide, (CH 3 ) 4 SbBr, formed by the 
interaction of the iodide and mercuric bromide, separates in colourless 
crystals, soluble in water or alcohol, but insoluble in ether. 

Tetramethylstibonium iodide, (CH 3 ) 4 SbI.—Trimethylstibine 
and methyl iodide combine directly to form the iodide, and the com¬ 
pound may be recrystallised from water. It separates in hexagonal 
plates, soluble in 8*3 parts of water at 23° C. It dissolves also in alcohol, 
but only slightly in ether ; concentrated hydrochloric or sulphuric acid 
liberates hydrogen iodide, and chlorine or bromine liberates iodine. 

Tetramethylstibonium nitrate, (CH 3 ) 4 SbN 03 , occurs when the 
iodide in aqueous solution is treated with silver nitrate. It separates 
in small needles, very soluble in water, sparingly soluble in alcohol or 
ether.* 

Tetramethylstibonium sulphate, [(CH 3 ) 4 Sb] 2 S 04 . 5 H 20 .—This 
results when the silver nitrate in the preceding preparation is replaced 
by silver sulphate. Colourless crystals are isolated, M.pt. 150° C., 
which are soluble in water or alcohol, but insoluble in ether. The 
requisite amount of sulphuric acid converts the sulphate to an acid 

1 Landolt, Annalen, 1861, 78 , 91; 1862, 84 , 44. 

* Bredig, Zeitsch. physikal, Chem,, 1894, 13 , 301. 

* Landolt, loc. cit. * Landolt, loc. cU, 
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sulphate, (CH 3 ) 4 Sb.HS 04 , quadratic plates, soluble in water, less soluble 
in alcohol and sparingly soluble in ether. 

Tetramethylstibonium sulphide, [(CH 3 ) 4 Sb] 2 S.- The hydroxide 
is converted into the sulphide by the action of hydrogen sulphide. 
The sulphide is an amorphous green powder, dissolving in water or 
alcoliol, but insoluble in ether. In the air it rapidly undergoes oxidation. 

Tetramethylstibonium bicarbonate, (CH 3 ) 4 Sb.HC() 3 . -When 
the hydroxide in aqueous solution is saturated with carbon dioxide 
and tlie solution evaporated, stellate aggregates of needles separate. 
The bicarbonate gives no precipitate with neutral magnesium salts. 

The following tetramethylstibonium salts arc also known : cyanide, 
C 4 Hi 2 SbCN.Tl 20 , rhombic (p.vcwdo-tetragonal) crystals,^ readily soluble 
in water or alcohol, insoluble in ether ; ferrocyanide, (C 4 Hi 2 Sb) 4 Fe(CN) 3 . 
1211 gO, monoelinie, jmsmatic, yellowish crystals, losing their water at 
100 ° C., sparingly soluble in alcohol, insoluble in ether ; ^ ferrieyanide, 
(C 4 lTi 2 Sb) 3 Fe(CN) 6 .H 20 , yellowish plates, becoming anhydrous at 
lOO*^ C. ; ehlorate, C 4 HJ 2 ^ 1 ) 0103 , regular cubes ; iodate, C 4 Hj 2 Sbl 03 . 
2 II 2 O, colourless needles ; periodate, C 4 Hi 2 SbI 04 , regular crystals ; 
ehromate, (C 4 lIi 2 Sb) 2 ^'^^^ 4 » yellow^ crystals, soluble in water, 

insoluble in alcohol or ether; ® acid ehronwte, C 4 Hi 2 ^^hCr 04 H, red, 
regular crystals,^ soluble in hot water, insoluble in alcohol or ether ; 
platinichloride, (C 4 n, 2 Sb) 2 PtClg, an orange-yellow powder, sparingly 
soluble in water, insoluble in alcohol; ® acetate, a syrup ; oxalate, 
deliquescent crystals, soluble in water or alcohol ; malate, (C 4 Hi 2 Sb )2 
(’ 411405 , hexagonal plates, decomposing at 70° C. ; acid tartrate, needles, 
s])a,ringly soluble ; antimonyl tartrate, (C 4 TIi 2 Sb)(Sb 0 )C 4 H 406 , a white 
crystalline powder, sparingly soluble in alcohol, insoluble in ether.® 

Tetraethylstibonium hydroxide, (C 2 H 5 ) 4 SbOH.—The correspond¬ 
ing iodide is treated with freshly prepared silver oxide in aqueous or 
alcoholic solution, the silver iodide removed and the liquid evaporated 
down, the final stages being conducted in vacuo It is a strongly 
alkaline, viscous liquid, having an intensely bitter taste. It is miscible 
in all proportions with alcohol and water, insoluble in ether. A very 
strong base, it turns red litmus blue, liberates ammonia from ammonium 
salts, precipitates the hydroxides of the heavy metals from salt solutions, 
and when in excess will redissolve the hydroxides of aluminium and 
tin. It appears to be somewhat volatile at 100° C. and decomposes on 
strong heating. With acids it forms neutral salts. 

Tetraethylstibonium chloride, (C 2 H 5 ) 4 SbCl, is most readily 
prepared by treating the foregoing hydroxide with hydrochloric acid. 
It separates as deliquescent needles, soluble in water or alcohol. It 
yields the following double salts : with auric chloride, C 8 H 2 oSbCl.AuCl 3 , 
yellow needles, M.pt. 178° C., soluble in alcohol or acetone, insoluble 
in water or ether; ® with mercuric chloride, 4C8H2oSbC1.3HgClo. a 
white powder, sparingly soluble in water,® 2C8H2oSbC1.3HgCl2, white 

1 Fock, Ch. Kr.y 25 , 348; compare Groth, Ch. Kr., 1 , 235. 

2 Grofch, Ch. Kr.y i, ,330. 

^ Weatphal, Inaug. Dissert. Berlin, 1895, p. 28. 

^ Groth, Ch. Kr,, 2 , 310. 

® Landolt, loc. cit. ® Westphal, loc. cit. 

’ Lowig, Annalen, 1856, 97 , 322; J. praH. Chem., 1865, 64 , 416. 

* Parthcil and Mannheim, Arch. Pharm., 1900, 238 , 174. 

® Lowig, he* cit* 
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plates, soluble in water or aleohol, insoluble in ether, CgH 2 oSbC 1 . 4 HgCl 2 , 
white crystals from water, M.pt. 141° to 142° C., easily soluble in 
alcohol or acetone, insoluble in ether; ^ with bismuth trichloride^ 
C 8 H 2 oSbCl.BiCl 3 , pale yellow ; ^ with platinic chloride, [CgllgoSbJgPtClg, 
yellow crystals, sparingly soluble in ali*ohol or cold water, readily 
soluble in hot dilute hydrochloric acid or acetone, insoluble in ether, 
decomposing at about 141° C.® 

Tetraethylstibonium bromide, (C 2 H 5 ) 4 SbBr, prepared in a 
similar manner to the chloride, forms colourless needles, readily soluble 
in water or alcohol.It yields a double salt with bismuth tribromide, 
3 C 8 ll 2 oSbBr. 2 BiBr 3 , a pale yellow product.^ 

Tetraethylstibonium iodide, (C 2 H 5 ) 4 SbI.l* 5 ll 20 .- Tricthylstibine 
and ethyl iodide are heated together in a sealed tube at 100 ° C. in the 
presence of water and the resulting solution evaporated on tlie water- 
bath. ° The iodid(‘ also occurs as its double salt with mercuric iodide 
when ethyl iodide is heated with antimony amalgan», Sb 2 Hg 3 , in a 
scaled tube at 183° C.’ It crystallises as large, hexagonal prisms, 100 
parts of water dissolving 19*02 ])arts of anhydrous iodide at 20 ° C.® It is 
readily soluble in alcohol, sparingly soluble in ether. A second hydrate 
is known, 081420 ^^^ 14 ^ 20 , which forms white needles, readily soluble 
in water or alcohol, sparingly soluble in ether.® The iodide yields a 
number of double salts : witli mercuric iodide, 408 H 2 o^bI. 3 llgl 2 , white 
columns from aleohol, sparingly soluble in the hot solve^nt, insoluble in 
water or ether, 2 C 8 ll 2 oSbI. 3 TIgT 2 , melting at about 70° C., and having 
a similar sohd)ility to the preceding compound ; with bismuth tri¬ 
bromide, 308 ll 2 oSbI. 2 BiBr 3 , a yellow product; 30gIl2oSbI.Bi20ll5 is 
also known but no description is given; with bismuth tri-iodide, 
3 CgIl 2 oSbI. 2 Bil 3 , red, hexagonal plates ; with iodoform, CgHgo^bl. 
(TII 3 , decom]>osing into its constituents when boiled with water. 

Tetraethylstibonium nitrate, (C’ 2 H 5 ) 4 SbN 03 , forms long, 
deliquescent needles.The corresponding sulphate yields small, 
deliquescent crystals. A hydrosulphide is obtained by saturating the 
hydroxide in aqueous solution with hydrogen sulphide ; it is a yellow 
oil, soluble in water or alcohol. 

Tetraethylstibonium oxalate, f(C 2 H 5 ) 4 Sb] 2 C 204 , is produced by 
neutralising a solution of the hydroxide with oxalic acid and evaporating 
down. 

The following tetraethylstibonium compounds are also known : 
carbonate, deliquescent crystals ; formate, hexagonal needles ; acetate, 
succinate, tartrate and racemate, all of which arc syruj^s, difiicult to 
crystallise. 

Tetrapropylstibonium hydroxide , (C 3 H 7 ) 4 SbO H.—When the 
iodide or its double salt with mercuric iodide is treated with freshly 
prepared silver oxide the base is obtained as a very hygroscopic mass.^^ 

^ Partheil and Mannheim, loc. cit. 

® Jorgensen, J. prakt. Chem., 1871, [ii], 3 , 342. 

® Buckton, Quart. J. Vhem. Soc., 1860, 13 , 119; compare Partheil uiid Mannheim, 
Jahresber.y 1860, p. 373. 

* Lowig, loc. cit. ® Jorgensen, loc. cit. 

® Lftwig, loc. cit. ’ Partheil and Mannheim, loc. cif» 

* Lowig, loc. cit. ® Partheil and Mannheim, loc. cit. 

Ldwig, loc. cit. Jorgensen, loc. cit. 

Steinkopf and Schwen, Ber., 1921, 54, [B], 2969. Lowig, loc. cit. 

Partheil and Mannheim, loc. cit. 
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Tetrapropylstibonium chloride, (C 3 H 7 ) 4 SbCI, obtained in the 
usual manner, separates as hygroscopic needles. It forms the follow¬ 
ing double salts \ with auric chloride, yellow needles, 

M.pt. 98"^ readily soluble in acetone or warm alcohol, very sparingly 
soluble in ether; with mercuric chloride, glistening 

needles from water, M.pt. 120° to 121° C., having a similar solubility 
to the preceding compound ; with platinic chloride, (Ci 2 H 28 Sb) 2 PtCle, 
yellow-red oetahedra, decomposing at 138° C., readily soluble in warm 
water, alcohol or acetone, sparingly soluble in ether. The picrate is a 
yellow, crystalline solid, M.pt. 67*5° C. 

Tetrapropylstibonium iodide, (C 3 H 7 ) 4 SbI, occurs as its double 
salt with mercuric! iodide, CigHagSbl.Ilglg, when antimony amalgam, 
Sbgllgg, is heated with propyl iodide in a sealed tube at 183° C. It may 
also be obtained by the intera(!tion of propyl iodide and a potassium- 
antimony alloy. The mercuri-iodide mentioned above forms yellow, 
crystalline columns, M.})t. 1()3‘5° ('., readily soluble in acetone, in¬ 
soluble in water or ether. 


Compounds of the Type Alk'AlkgSbX. 

Methyltriethylstibonium hydroxide, (C 2 H 5 ) 3 (CH 3 )SbOH, may 
be obtained by treating the iodide wdth moist silv^er oxide, or the sulphate 
in aqueous solution may be treated with barium hydroxide, the barium 
sulphate removed and the filtrate evaporated in the absence of carbon 
dioxide.^ It is a yellow, non-volatile oil, having a strong alkaline 
reaction. It dissolves in water or akiohol, liberates ammonia from 
ammonium salts and precipitates many hydroxides of the metals. 

Methyltriethylstibonium chloride, (C! 2 ll 6 ) 3 (^^^H 3 )SbCl.—Hot 
aqueous solutions of the iodide and mer(!iirie chloride when mixed 
precipitate the double salt with 7nercuric iodide, C 7 HigSbI.Hgl 2 , and 
the filtrate from this contains the chloride. The hydroxide or carbonate 
is converted to the chloride when treated with hydrochloric acid. The 
chloride crystallises in needles. 

Methyltriethylstibonium iodide, (C 2 ll 6 ) 3 (CH 3 )Sbl.—Triethyl- 
stibine is suspended in warm water and treated with methyl iodide 
until the odour of the stibine disappears. The solution on evaporation 
to dryness yields colourless, air-stable, hexagonal prisms, soluble in 
about two parts of water at 20° C., soluble in alcohol, very sparingly 
soluble in ether. The iodide yields two double salts with mercuric 
iodide, C 7 HigSbl.Hgl 2 , yellow plates, sparingly soluble in alcohol, 
insoluble in water, and 2C7H]gSbI.3Hgl2, crystallising from alcohol in 
yellow needles, sparingly soluble in ether, insoluble in water. 

The following methyltriethylstibonium salts are prepared by the 
usual methods: sulphate, colourless, deliquescrent crystals, M.pt. 100° C.; 
nitrate, anhydrous needles, very soluble iq water; carbonate, syrupy 
mass; formate, needles, sparingly soluble in cold water or alcohol, 
more soluble in hot water; acetate, anhydrous needles, very soluble in 
water ; butyrate, similar to the acetate; normal oxalate, needles, fairly 
soluble in water ; acid oxalate, needles, very soluble in water ; tartrate, 
non-crystallisable syrup ; and the hydrosulphide, an oil. 


' Triedl&nder, Jahreaber,, 1857, p. 423; J. prakt, Chem., 1857, 70 , 456. 
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Methyltri-n-propylstibonium iodide/ (C 3 ll 7 ) 3 (CH 3 )SbI, occurs 
when a mixture of 3 c.c. of tri-n-propylstibine and 4 c.e, of methyl 
iodide is kept for a week. Removal of the excess of methyl iodide 
gives 5*8 grams of the stibonium iodide, M.pt. 140° C., soluble in water 
or alcohol, insoluble in ether. When the aqueous solution is boiled, 
stibine is slowly evolved, 

Methyltri-n-propylstibonium hydroxide, (C3H7)3(CH3)SbOH, 
is prepared by dissolving the foregoing methiodide in cold water and 
shaking the solution with freshly prepared silver oxide. Filtration and 
removal of the solvent under reduced pressure gives the hydroxide as 
an oil. The base is soluble in water, absorbs carbon dioxide and reacts 
alkaline to litmus. It precij)itates cupric, stannous, ferric, aluminium 
and zinc hydroxides from the respective salt solutions. 

The stibonium sulphate is an oil, readily soluble in water, and the 
chloroplatinate, [CH 3 (C 3 H 7 ) 3 Sb] 2 ptCl( 5 , melting with dceomi)osition at 
142° C,, is prepared by dissolving the hydroxide in boiling dilute hydro¬ 
chloric acid, filtering if necessary, and adding an excess of chloro- 
platinic acid to the hot solution, when, on cooling, the chloroplatinate 
is deposited as reddish-gold plates. 

Ethyltri-n-propylstibonium iodide, (C 3 H 7 ) 3 (C 2 H 5 )Sbl, when 
prepared from its components, requires a month for completion of 
the reaction at the ordinary temperature, but at 100° C. only four 
hours are required. It yields large white crystals, melting with decom¬ 
position at 185° C., and dissolving in water or alcohol. The corre¬ 
sponding hydroxide is an oil, which attacks filter-paper; its aqueous 
solution is alkaline and precipitates the sparingly soluble hydroxides 
of the metals from salt solutions. The chloroplatinate^ M.pt. 141° C. 
(with decomposition), separates from dilute alcohol as stellate clusters 
of fine, orange-red needles. 

Methyltri-n-butylstibonium iodide, (C 4 H 9 ) 3 (CH 3 )SbI, occurs 
when its components arc allowed to stand together for two weeks. 
It is a viscous oil admixed with crystals. When its alcoholic solution 
is boiled in air, a precipitate of tri-n-butylstibinic metantimonite is 
slowly produced. The hydroxide is an oil and the chloroplatinate forms 
golden plates melting with decomposition at 134° C. 

Methyltri-n-amylstibonium iodide, (Cgli „) 3 (Cll 3 )SbI, requires 
three months out of contact with air in order to be obtained from its 
components. It yields a mixture of oil and crystals, soluble in water 
or alcohol, insoluble in ether. The hydroxide absorbs carbon dioxide 
from the air, reacts alkaline to litmus and is readily soluble in dilute 
acids. The sulphate is an oil, dissolving in water, and the chloro¬ 
platinate forms glistening brown plates, M.pt. 127° C. (decomposition). 

Compounds of the Types ArAlkgSbX and ArAlk'AlkgSbX. 

Phenyltrimethylstibonium iodide, (C 3 li 5 )(CH 3 ) 3 SbI.—Phenyl- 
dimethylstibine and an excess of methyl iodide react rapidly at room 
temperatures to yield this iodide and the reaction is completed by 
boiling under reflux.^ A quantitative yield of fine snow-white needles 
is obtained, readily soluble in water or alcohol, sparingly soluble in 
ether or petroleum ether. When heated to about 235° C. iodine vapour 
is evolved. 

^ Dyke and Jones, /. Chem, Soc,, 1930, p. 1921. 

‘ Oriittner and Wiernik, Ber,, 1915, 48 , 1759. 
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The iodide may readily be transformed to the picrate^^ which 
crystallises from water in needles, M.pt. 153° C., nitration yielding 
in-nitrophenyltrimethylstibonium jptcrofc, (C6H4.N02)(CH3)3Sb.OCeIl2 
(NO2)3, needles, M.pt. 203° C. 

Phenyldimethylethylstibonium iodide/^ (C(jll6)(C2H5)(CIl3)2SbI. 
—The methyl iodide in the preeeding preparation is replac;ed by an 
exeess of ethyl iodide and the mixture heated in a sealed tube for 
live hours. The iodide crystallises in white needles, soluble in water 
or alcohol, insoluble in ether. Towards 150° C. it evolves some iodine 
vapour, but tends to sublime at 225° C. 

Phenylmethyldiethylstibonium iodide, (CJl5)(C2H5)2(Cll3)SbI, 
occurs in quantitative yield when phenyIdiethylstibirK' and methyl 
iodide are heated together in a sealed tube for two hours at 100° C. 
It crystallises from alcohol as shining white needles, subliming with 
some previous loss of iodine at 225° C. The solubility is the same as 
for the i)reeeding eonq^ounds. Ethyl iodide do(‘s not combine with 
pheiiyldiethylstibine even after fiv^e hours’ heating at 100° C. 


Compounds of the Types RSbXg and RavSbX. 

When compounds of tlie types RgSbXjj and R3SbX2 are iieated 
in vacuo, alkyl halide is evolved and di- or mono-halogenatcd stibines 
produced respectively ; 

RaSbXa-RSbXg + RX 
R3SbX2 = R2SbX+RX 

Water converts rncthyldichloro- or methyldibronio-stibine to the oxide, 
and any compound of the type RSbX2 is transformed to the sul])hide, 
RSbS, by the action of hydrogen sulphide. The monohalogenatecl 
compounds, RgSbX, absorb atmospheric oxygen, yielding oxyhalides, 
RgSbOX, whilst chlorine and bromine give trihalides, H2SbX3, hydrolysis 
of which yields the corresponding acids, R2bbO(OH)2. 

Methyldichlorostibine, CH3SbCl2, o(‘(nrs wlien dimethylstibinic 
chloride, (CH3)2SbCl3, is heated in a vacuum of about 600 mm. until 
no further evolution of methyl chloride takes ]>lace.‘^ Th(‘ residual oil 
on fractionation yields the stibiiic as an oil, R.pt. ]15° to 120° C. at 
60 mm., which does not solidify in an ice>chest after standing for 
several days. It is readily decomposed by water, giN'ing methylstibine 
oxide. 

Methyldibromostibine, CngSbErg. ™ Dimethylstibinic bromide 
loses methyl bromide wdien allowed to stand in a desic;eator and finally 
yields greyish-white feathery needles of methyldibromostibine. Whcji 
recrystallised from carbon disulphide and ether the stibine melts at 
42° C. It is non-inflammable and non-oxidisable in air, but is hydrolysed 
in water or alkaline solution. 

Methyldi-iodostibine, CHgSbIg, arises from the spontaneous 
decomposition of dimethylstibinic iodide. It crystallises from carbon 
disulphide in rosettes of bright yellow needles, M.pt. 110° C. 

Methylstibinoxide, CHgSbO.—When the diehlorostibine is agitated 
with water and the solution kept neutral by occasionally adding alkali, 

^ Ingold, Shaw and Wilson, J. Chem. Soc., 1928, p. 1280. 

* Griittner and Wiernik, loc. cit. 

® Morgan and Davies, Proc, Roy, 80 c., 1926, no, 523. 
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a white amorphous product results, which appears to be the impure 
oxide. Treatment with hydriodic acid gives the di-iodide. 

Methylstibine sulphide, CHgSbS, is formed by tlie action of 
hydrogen sulphide on any of the monomethyl antimonials. It is a 
lemon-yellow powder, sparingly soluble in carbon disulphide or benzene, 
and fuses to a resinous mass at about 70^' C. 

Dimethylchlorostibine, (Cir3)2Sb(1, results when trimethyl- 
stibine diehloride is heated in a distilling flask at a vacuum of 600 nun. in 
a current of carbon dioxide. Mtdhyl chloride is evolved and the (ihloro- 
stibine left as residue is distilled.^ It is a colourless liqihd, B.pt. 155^^ 
to 160° C. at 750 mm., having a pungent and very disagreeable odour. 
Even under a layer of light petroleum it is readily oxidised by slow 
absorption of dissolved oxygen, atid at 40° C. it becomes spontaneously 
inflammable in air. With ehloroplatinic*. acid it yields an orange 
}n*eeipitate. The oxidation nu'iitioned above leads to the production of 
dimethylstibine oxychloride, (CTl 3 ) 2 Sb()Cl, whieli is a white amorplious 
substance, having no smell and moderately soluble in hot water, from 
w4iieh it separates unchanged on cooling. Prolonged boiling of the 
oxychloride for 8 hours causes hydrolysis, amor[)hoiis dimethylstibinie 
acid resulting. If a fairly rapid stream of chlorine be passed for about 
10 minutes into 50 e.e. of dry carbon disulphide cooled in ice and salt, 
about 10 grams of the ehlorostibine then added and elilorination con¬ 
tinued until the solution begins to develop a brown colour, a white 
crystalline dej^osit is obtained. The latter is dimethylstilnnic chloride, 
(CH 3 ) 2 SbCl 3 , which is more stable than the corresponding bromo-deriva- 
tive, but fairly easily loses methyl chloride, giving a (‘olourless oily liquid. 

Dimethylbromostibine, (CH 3 ) 2 SbBr.-- Trimethylslibine dilmnnidc 
loses methyl bromide and yields the bromostibine when heated at 
80 to 100 mm. ju’essure in a carbon dioxide atmospluTc. Freshly 
distilled dimethylbromostibine slowly solidifies to a mass of almost 
colourless crystals, which at first melt indefinitely at 40° P., but when 
the specimen is kept in air-free vessels, the melting-point rises to 80° C. 
and the B.pt. is 175° to 180° C. at 750 mm. The com})ound is extremely 
oxidisablc and s})eeial a])paratus has been devised for its analysis (p. 261). 
Dimethylstibine oxybromide, (CIl 3 ) 2 SbOBr, is obtained in a similar manner 
to the corresponding chloro-compound, wliieh it resembles in properties. 
Dimethylbromostibipc reacts with a solution of bromine in carbon 
disulphide at --]0° P., yielding dimethylstibinie bromide, (PH 3 ) 2 SbBr 3 . 
This crystallises in feathery needles, which rajadly lose methyl bromide 
and form rnethyldibromostibine. Hydrolysis of this bromide, like that 
of the foregoing oxybromidc, leads to the production of white amorphous 
dimethylstibinie acid. 

Dimethyliodostibine, (CH 3 ) 2 SbI, occurs when trimethylslibine 
di-iodide is heated at 60 to 80 mm. pressure. It yields clear yellow 
flaky crystals, M.pt. 86° C., which are converted by air oxidation to 
dimethylstibine oxyiodide, (CH 3 ) 2 Sb 01 , which is slightly soluble in hot 
water and slowly hydrolysed in warm solutions. 

Dimethylcyanostibine, (CH 3 ) 2 SbCN, is prepared in a similar 
manner to the foregoing compounds, trimethylslibine cyanobromide, 
(CH 3 ) 3 SbBrCN, being heated to about 160° C. in the specially designed 
apparatus shown.^ Calculated amounts of cyanogen bromide dissolved 

^ Morgan and Davies, Proc, Roy. Soc., 1926, no, 52.3. 

* Morgan and Yarsley, loc. cit. 
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in petroleum (B.pt. 40° to 60° C.) are introduced through the tap funnel 
C into the distillation flask D, this vessel being cooled to - 5° C. Nitro¬ 
gen or carbon dioxide is passed through the apparatus to displace air 
and triinethylstibine is then distilled gradually from the flask A into 
the receiver B, and them^e it is added in ap})ropriate quantity and with 
constant shaking to the cyanogen bromide in the flask D. The cyano- 
bromide having been prepared, the taps E and F are closed and tlie 
light petroleum removed from the flask D by distillation. The distillate 
is either collected in N or removed from the apparatus by gentle aspira¬ 
tion at the tap M. During this operation care is taken to keep the 



condensing bulbs G, H, J and K free from deposited oxide. The appara¬ 
tus is then exhausted to about 10 mm. pressure, and the flask 1), 
containing the triinethylstibine cyanobromide, is gradually heated to 
about 160° C., when decomposition of the cyanobromide sets in and 
a colourless deposit separates in the first bulb G, the intervening tube 
T, which is jiac^ked with glass-wool, being warmed by means of several 
coils of resistance wire. The bulk of the product which collects in the 
first bulb G is re-sublirned into the second bulb H, and this operation 
repeated, so that the solid product of the thermal decomposition is 
finally collected in a pure condition in the weighed glass cylinder K. 
By opening the screw clip E nitrogen or carbon dioxide is admitted; 
the cylinder K is then removed, fitted with rubber stoppers and weighed, 
air being excluded during this operation. In this way a weighed 
quantity of the product is isolated in a container readily adaptable 
to analytical requirements. 

The cyanide is a colourless crystalline compound, M.pt. 118° to 
114° C., has the nauseating odour of volatile aliphatic antimonials, but 
beyond exerting a slight irritant action on the eyes and respiratory 
passages, its effects are not injurious. It is insoluble in water, but 
readily soluble in alcohol or ether. In air it rapidly oxidises, forming 
dimethylstibine oxycyanide^ (CH 8 ) 2 SbOCN, a white, crystalline compound, 
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sintering slightly at 120° C. and decomposing completely at higher 
temperatures. 

Dimethylstibine oxide, [(CH3)2Sb]20, is prepared by treating the 
corresponding bromide with aqueous sodium hydroxide or saturated 
aqueous potassium carbonate solution. It is a colourless oil, spon¬ 
taneously inflammable in the air at ordinary temperatures.^ 

Bisdimethylstibine trisulphide, 

(CH3)2Sb—S~Sb(CH3)2 

II II 

S S 

A suspension of dimethylstibine oxybromide in water is subjected to 
the action of a rapid stream of hydrogen sulphide. A light yellow 
precipitate results, this being extracted with carbon disulphide, from 
which the trisulphide separates as a light yellow ])owder, M.pt. 76° to 
78° C.2 

Compounds of the Type R2Sb.SbR2. 

Tetramethyldistibine or Antimony Ccucodyl,^ 

CH3. /CH., 

>Sb—Sb< 

CII3/ \CH3 

has not been isolated in the pure state, but the following account shows 
the progress of its investigation to date. Dimethylbromostibine, 
heated with zinc in sealed tubes filled with carbon dioxide, yields 
trimethylstibine and some tetramethyldistibine. The latter cannot be 
separated from the less volatile fractions owing to its decomposition 
into trimethylstibine and antimony, but it may be identified by adding 
methyl iodide to the oily mixture. A pale yellow crystalline product 
separates, and is rccrystallised from alcohol, the first crops of crystals 
consisting of a yellow substance, and the final mother liquors yielding 
tetramcthylstibonium iodide. Repeated crystallisation of the yellow 
substance from alcohol finally yields bright yellow needles or leaflets 
having the composition [2{CH3)2SbI.(CH3)4SbI.CH3l], confirmed by 
adding to an excess of methyl iodide one molecular proportion of tetra¬ 
mcthylstibonium iodide and two molecular proportions of dimethyl- 
iodostibine. Molecular weight determinations of the synthetic product 
and the original product give values 970 and 1003 respectively. 

Tetra-amyldistibine,* [(^6^11)28^12, is said to occur when 
potassium-antimony alloy, amyl iodide and triamylstibine are allowed 
to react. This amyl antimony cacodyl is a greenish-yellow aromatic¬ 
smelling mobile liquid of bitter taste. It is insoluble in water, miscible 
in all proportions with alcohol or ether, explodes when heated in oxygen 
and is decomposed by fuming nitric acid. Evaporation of its ether 
solution yields an oxide^ [{C6Hii)2Sb]20, which has similar properties 
to the radical itself. 

^ Morgan and Davies, he* cit. * Compare Landolt, Jahresber,, 1863, p. 671. 

® Morgan and Davies, Proc. Roy. 80 c., 1926, 110 , 532. 

* Berle, J* prakt. Chem., 1856, 65 , 386. 
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Compounds of thk Typk RgSb. 

Although six ty})es of tertiary aromatics arsiucs are known, only three 
varieties of corresj)oiulin^ stibines have been des(‘ribed to date, namely, 
ArgSb, Ar 2 AlkSb and ArAlkgSb. The most numerous compounds are 
those of the tyj)e ArgSb, and their preparation is effected by the follow¬ 
ing methods :— 

(1) By using the Fittig reaction, antimony trihalides and aryl 
halides reacting in etlier or benzene solution in the presence of sodium 
in the following manner : 

3HX + SbXg + ONa - BgSb + ONaX 

(2) By the interaction of magnesium aryl halides and antimony 
trihalides : 

8MgUX +SbX3=R3Sb H-3MgX2 

If antimony trisulj)hidc replaces the trihalide the yield is very poor. 

(3) In the case of tri-p-anisylstibine an aryl halide is allowed to 
react with sodium antimonide : 


3RX + NagSb = RgSb + 3NaX 


The yield in this ease is poor. 

(4) Primary arylstibinoxides are heated in the dry state or in 
the [)resenee of certain solvents. Antimony trioxidc is liberated and 
secondary arylstibinoxides or tertiary stibines result. Each individual 
reaction seems to require its own particular set of conditions : 


;3C«H5.SbO 


Heat at 180° to 200“ C. 
for 4 hours in CO^ 


+bb 203 


3CH3.CO,NH.CeH4.SbO 


Reflux in CHgOH for 3 hours 
in COg ^ 


(CH3.CO.NH.Celi4)3Sb +Sb 203 


3 NH 2 .CGlI 4 .SbO 


Heat at 120“ to 125“ C. 


for 1 hour in COg 




(NH 2 .C 6 H 4 ) 3 Sb+Sb 203 


Much depends upon the solvent used in this type of reaction. Acetic 
acid containing tartaric acid converts primary oxides into secondary 
oxides, so that using these solvents we have the following reaction 
instead of the first in the three foregoing equations : 

4CeHG.SbO —> [(CeH 6 ) 2 Sb] 20 +Sb 203 
188 
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Several special methods of preparation are worth noting: ^ 

(1) A tri-m-nitrotriphenylstibinie acid may be reduced by zinc dust 
and ammonium chloride in alcoholic solution to a tri-m-aminotriphenyl- 
stibinc. The method has also been applied to the preparation of 
tri-5-aminotri-7w-xylylstibine. 

(2) Tri-5-nitrotri~m-xylylstibine dinitrate may be reduced to the 
stibine by solution in absolute alcohol containing ammonium liydroxide 
and passing hydrogen sulphide into the boiling solution for six hours. 
The method may also be used for the p-tolyl com])ound. 

(3) Tri-.5-nitrotri-m-xylylstibine also occurs when tri-G-})romotri- 
5-nitrotri-7??-xylylstibine oxide in boiling alcohol is added to a boiling 
aqueous solution of sodium thiosulj)hate. 

(4) Tri-w-iodotri-p-tolylstibine and tri-5-iodotri-?n-xylylstibine are 
formed by diazotising the corresponding amines and treating the di- 
azonium compounds with potassiiiin iodide. 

The types ArAlkgSb and ArgAlkSb are both prepared by the aid 
of the Griguard reagent : 

ArSbXg + 2AlkMgX == ArAlkgSl) 4- 2MgX2 
ArgSbX + AlkMgX ^ArgAlkSb +MgX2 

All the compounds of the type AraSb arc solids, adding on halogens 
to form dihalides, ArgSbXa. The higher chlorides of cop})er, iron, 
thallium, phosphorus and arsenic react with triarylstibines to yield 
dichlorides, Ii3SbCl2, and the lower chloride of the metal or metalloid. 
Mercuric chloride combines with the (*ompounds, giving mcrcuriehlorides, 
and it is noteworthy that whilst tri-o-toly 1stibine mercuricdiloride is 
stable when its alcohol solution is boiled or when the compound is 
heated at 250® C. in a sealed tube, the corresponding m- and p-tolyl 
d(irivatives and the p-anisyl and />phenetyl compounds decompose 
under these conditions, yielding arylmercuric chlorides, RHgCl. Unlike 
triphenylarsine, the corresponding stibine does not combine with 
methyl iodide to give a stibonium compound, but is decomposed, 
forming trimethylstibine di-iodide, iodobenzene and ethane, whilst 
zinc dimethyl also disrupts the molecule, giving toluene, antimony 
and zinc. When triphenylstibinc is heated with arsenic, the antimony 
is replaced by arsenic. Triarylstibines dissolve in concentrated 
sulphuric acid, yielding sulphates, R3SbS04, and nitration affords 
trinitro-compounds in which the nitro-groups enter into the ring in 
the vieta position to the antimony. Stibincs containing amino-groups 
in the nucleus can be benzo3dated, diazotised, and condensed with 
picryl chloride. In the case of mixed stibines, the type ArgAlkSb 
does not form stibonium compounds, whereas the type ArAlkgSb 
readily combines with alkyl iodides. It should be noted that in this 
Volume, Part II, p. 72, it was pointed out that tertiary arsines of the 
type ArgAlkAs (where the two aryl groups arc identical) show little 
tendency to form quaternary arsonium compounds. The principal 
reactions in which tertiary stibines are capable of taking part are 
illustrated in the following schemes, using m-xylyl and p-tolyl compounds 
as examples.^ 

^ Goddard, Trans. Chem. Soc., 1923, 123 , 2319; Goddard and Yarsley, J. Chem. Soc., 
1928, p. 719. 

" Goddard, Trans. Chem. 80 c., 1923, 123 , 2315; Goddard and Yarsley, J. Chem. Soc.^ 
1928, p. 719. 
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Compounds of the Type ArgSb. 

Triphenylstibine, (CeH5)8Sb, may be prepared in a variety of 
ways : ( 1 ) By the Fittig reaction ^—40 grams of antimony trichloride, 
^ Hiohaelis and Reese, AnnaUn, 1886, 233 , 45; Rsr., 1882, X 5 > 2876. 
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40 grams of chlorobenzene and 50 grams of sodium are allowed to react 
in 4 volumes of dry benzene. A violent reaction takes place and the 
mixture may require cooling. Afterwards the whole is boiled for some 
time on the water-bath and then filtered, the filtrate being concentrated 
to small bulk. A solid separates, which consists of triphenylstibine 
with diphcnylstibinic chloride and triphenylstibine dichloride as by- 
produ(!ts. Treatment with akioholic hydrochloric acid removes the 
first of the by-products, and if the residue 
obtained be then chlorinated in light 
petroleum, the whole is converted into tri¬ 
phenylstibine dichloride. This product, 
after crystallisation from alcohol, is dis¬ 
solved in alcoholic ammonia and reduced 
by hydrogen sulphide. Triphenylarsine 
separates out as the solution cools, the 
heat evolved being due to the reduction 
process. 

A larger scale preparation may be 
conveniently carried out using the appar¬ 
atus shown. ^ 

A (ylindrical steel reaction vessel (3 
litres capacity), fitted with a steel cover 
rendered gas-tight by an asbestos M'ashcr, 
is supported by four upright steel rods 
fixed in a trough with a waste pipe leading 
to the sink. Round the outside of the 
reaction vessel, and near the top, a per¬ 
forated watcr-pi])e is carried concentric¬ 
ally, and attached to the steel supports. 

By this means, a stream of cold water can 
be distributed over the outer surface of 
the reaction vessel, which may also be 
heated by a rose burner. 

The cover of the reaction vessel. A, 
which is perforated to admit a thermo- 
meter, carries also the following fittings : 

(a) A central steel comb stirrer provided with a pulley for mechanical 
stirring. 

(b) A water-cooled steel reflux condenser. 

(c) A baffle plate projecting into the vessel to assist in the mixing 
of the contents and to prevent the rotating liquid from splashing up 
in the condenser. 

(d) A sodium dropping apparatus, C, consisting of a cylindrical steel 
container (1 litre capacity) with a curved bottom perforated at its 
lowest point with an outlet hole (0*6 cm. in diameter). A steel tap and 
a sight-feed with transparent silica windows attached to the base of 
the container enable the operator to regulate the flow of molten 
sodium. 

A ring burner placed under the base of the sodium container just 
above the outlet tap is used to keep the metal in a molten condition. 
The steel cover of the container, made air-tight with an asbestos washer, 
carries a thermometer and a hand stirrer, shaped to scour the bottom 
^ Morgan and Vining, Trans. Chem. Sac., 1920, 117 , 777. 
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of the container and provided with a sharp })rong to dislodge any 
()f)staele in the outlet tap. 

(^) A cylindrical glass reservoir, B, for liquid ((capacity, 800 c.c.), 
with steel ends, fitted with a vertical outk^t tube to tlu^ reaction vessel, 
a needle valve regulated by a spindle, and a sight-feed with glass 
window. The steel (‘over of this reservoir is litted with a serew- 
stop])ered inlet and with a valve for introducing compressed air, so 
that the contained liquid is ex2)elled under slight pr(‘ssure. 

Freshly distilled antimony trichloride (844 grams), chloroben/enc 
(510 grams) and xylene (400 c.c.) are mixed, and the solution is divided 
ecjually between the reservoir and the reaction vessel. In the latter 
eas(‘, 000 c.c. of xylene are added as diluent. Sodium (210 grams), 
covered with 500 e.e. of xylene, is placed in the sodium container, and 
th(‘ prei)aration of the stibine eff(‘(‘ted at 70^ ('. After liltering off in 
the Bornett })r(\ss the dark gny, granular sodium chloride, the filtrate*, 
on distilling iq) to 220° C., leaves a residue of triphenylstibine (M.))t. 
48° to 50° (\). 

(2) By the Grignard reaction -Antimony chloride (18 grams) as a 
10 2>er cent, solution in benzene is added to the Grignard solution fn^m 
50 grams of bromobenzene and 7-2 grams of magnesium in dry ether. 
The whole is boiled for six hours, then distilled in steam to remove 
benzene and bromobenzene. The residue is treated with small quan¬ 
tities of alcohol to remove admixed diphenyl, then erystalliscd from 
alcohol. The yield is said to be n(*arly quantitative.^ 

(8) l^henylstibine oxide is heated in an oil-bath at 180° to 200° C. 
for four hours and a str(*am of carbon dioxide ])assed in. The product 
is extracted with ether, the solvent removed and the solid recaystalliscd 
from a(‘etie acid.**^ 

Triphenylstibine crystallises as colourless, trielinic jdates, M.])t. 
48° (\,3 B.pt. 231° to 282° C. at 16 to 18 mm. or above 860° C. at 
760 mm. with partial decomposition. Its density is 1*4998 at 12° C., 
fiiia 162*61 at 14° G.^ It may be purified by conversion into the corre¬ 
sponding sulj^hide and decomposing the latter (sec p. 205). It combines 
with the halogens, forming dihalides, and it reacts with eu])rie and ferric 
chlorides, forming triphenylstibine dichloride and the louver chloride 
of the metal. It is decomposed by mercuric chloride, forming jihenyl- 
mercuric chloride and antimony trichloride. With methyl iodide it 
gives trimethylstibine di-iodide, iodobeiizene and ethane ; with zinc 
dimethyl it yields toluene, antimony and zinc. It dissolves in fuming 
nitric acid, forming tri-m-nitrotriphenylstibine dinitrate. ® When heated 
with arsenic, triphenylstibine yields triphenylarsiue and antimony. 
It reacts with thallic chloride, yielding thallous chloride and trii^henyl- 
stibine dichloride.® With jihosphorus and arsenic trichlorides and 
with titanium tetrachloride, the main prodixet is tri2:)henylstibine 
di chloride.'^ 

1 Morgan and Micklethwait, Trans. Chern. Soc., 1911, 99 , 2290; see Pfeiffer, Ber., 
1904, 37 , 4621; Can’e, Bull. JSoc. chim., 1913, [iv], 13 , 102. 

® Schmidt, Annaltn^ 1920, 421 , 242; see German Patent, 389151. 

® Schmidt, M.pt. 53” C. 

^ Ghira, Oazzetta, 1894, 24 , [i], 317. 

^ In addition to dinitrate, some tri-w-nitrotriphenylstibine oxide and hydroxynitrate 
are probably formed.— Author. 

® Goddard, Trans, Ohem.. Soc., 1922, 121 , 40. 

’ Challenger and Pritchard, Trans, Chem. Boc., 1924, 125 , 864, 
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Tri-m-aminotriphenylstibine, 



This may be obtained in two ways : (1) Tri-m-nitrotriphenylsti- 
binic acid is reduced by zinc dust and ammonium chloride in 
alcoholic solution, and the mixture filtered into ice-cold water after 
80 minutes. The base is collected, converted into the hydrochloride, 
and re-liberated by ammonium hydroxide.^ (2) m-Aminophenylstibin- 

oxide is heated in a stream of carbon dioxide for about one hour at 
120® to 125 ® C., or until a test portion, oxidised with alkaline hydrogen 
peroxide and then treated with hydrochloric acid, gives no precipitate 
of diaminodiphcnylstibinic acid. The mass is then extracrted with 
acetone and water added, whereby an oil separates and soon solidifies. 

The stibine crystallises from alcohol in bushy needles, M.pt. 124 ® C.^ 
This product is anhydrous, but when recrystallised from glacial acetic 
acid it melts at about 80 ® C. and contains 0*5 molecule of water, which 
may again be removed by recrystallisation from alcohol or heating 
at 100° C. 

Tri-p-acetylaminotriphenylstibine, (CH3.CO.NH.CcH4)3Sb.^— 
p-Acctylaminophenylstibinoxide (50 grams) is suspended in 400 c.c. of 
methyl alcohol and boiled for three hours in a carbon dioxide atmo¬ 
sphere. The liquor is filtered whilst hot and part of the stibine separates 
on cooling. This is removed, the filtrate evaporated, and the residue 
extracted with moist acetone, the stibine being precipitated from the 
extract by the addition of water. The total yield is about 23 grains.^ 
The compound exists in three modifications : The a-form crystallises 
from methyl alcohol in needles, sintering towards 205 ® C., when it 
becomes turbid, then appears to solidify, and finally melts completely 
towards 270 ° C. The j8-/orm may be obtained from the a-form by 
recrystallisation of the latter from anhydrous acetone, the resulting 
product melting at 268 ® C. When the a-form is dissolved in acetone 
containing a little water, then water added until turbidity is produced, 
a y-form separates, which sinters at 225 ® C. This y-form, when 
crystallised from a large volume of boiling methyl alcohol, is converted 
into the a-form. The three modifications appear to contain the following 
amounts of water of crystallisation ; a, 0*5 HgO ; j8, anhydrous ; 

y> f H3O. 

Tri - o - toly 1 stibine 



occurs when 51 grams of a-bromotoluene, 86 giams of antimony tri¬ 
bromide and 50 grams of sodium are allowed to react in 4 volumes of 
benzene. When the reaction subsides the mixture is allowed to stand 
for 4 to 5 days, then filtered, and the residue washed with benzene. 

^ Morgan and Micklethwait, Trans. Chem. Soc.^ 1911, 99 , 2292. 

^ Schmidt, Annalen, 1920, 42X, 174. 

® Schmidt, Annalen, 1922, 429 , 123. 

* Compare German Patent, 43i202. 

^ Miohaelis and Genzken, AnneUm, 1887, 242 , 164; Ber,, 1884, 17 , 924. 
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The filtrate and washings are concentrated to small bulk and treated 
with light petroleum, the solid which separates being crystallised from 
alcohol. It forms fine needles, M.pt. 112° to 113° C., easily soluble 
in chloroform, benzene or ether, less soluble in alcohol. The mercuric 
chloride, (C7ll7)3Sb.HgCl2, crystallises in plates, softening at 125° C. 
and melting at 135° C. ; it does not decompose when its alcoholic 
solution is boiled or when heated at 250° C. in a sealed tube. 

Tri - m - tolylstibine, 



forms colourless crystals from alcohol, M.pt. 07° to 68° C., density 
1*3957 at 15*7° C. The yield is 65 per cent, when the preparation is 
conducted on the same lines as for the foregoing orf/?o-eompound. The 
mercMvichloride softens at 100° C. and melts with decomposition at 
140° C.; when its alcoholic solution is boiled, it yields m-tolylmereuric 
chloride. 

Tri-p-tolylstibine, 



The same quantities of material are used as for the orthoAmmerklc, 
and the mixture worked up after standing for 2 to 3 days. About 
25 grams or 63 per cent, of crude product result. The stibine also 
occurs when antimony tribromide reacts with p-tolyl magnesium 
bromide in ether solution.^ It forms colourless highly refractive 
crystals from alcohol, M.pt. 127° to 128° €., density 1*35448 at 15*6° C., 
readily soluble in chloroform, less soluble in benzene or ether, sparingly 
soluble in alcohol or light petroleum. The mercurichloride is formed 
when al(;oholie solutions of the components are mixed in the cold ; 
if the solutions arc boiling, ^-tolylmercuric chloride results. The 
mercurichloride crystallises from ether in pearly plates or needles, 
M.pt. 175° C, with previous sintering at 365° C. 

Tri - m -aminotri -p -tolylstibine ,2 



Tri-w-nitrotri-p-tolylstibine dinitrate (7 grams) is boiled for 8 hours 
with a solution of 250 c.e. of 90 per cent, alcohol containing 5 grams of 
ammonium chloride, 15 c.c. of ammonium hydroxide and 15 grams of 
zinc dust, a further 3 grams of zinc dust being added each hour. The 
solution is filtered at room temperature into 2 litres of water, the brown 
solid collected, dissolved in 250 c.c. of warm 15 per cent, hydrochloric 
acid, and the amine precipitated from the filtered solution by the addition 
of ammonium hydroxide. When recrystallised from chloroform-light 
petroleum, a pinkish-grey powder is obtained, M.pt. 92° C. 

Tri-m-iodotri-p-tolylstibine, (C7H6l)3Sb.—The foregoing amine 
(3 grams) is dissolved in 20 c.c. of concentrated hydrochloric acid and 
200 c.c. of water. The solution is diazotised with 2 grams of sodium 

' Pfeiffer, Ber., 1904, 37 , 4620. 

* Goddard and Yarsley, J. Chem. 80 c., 1928, p. 719. 
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nitrite and 5 grams of potassium iodide added. The mixture is then 
gently warmed for three hours on the water-bath. The precipitate, 
when crystallised from chloroform-light petroleum, is a reddish-brown 
powder, sintering at 186° C. and melting at 146° C. to a dark red liquid. 
Tri-p-anisylstibine,^ 



This stibinc may be obtained in two ways: (1) By the interaction of 
sodium antimonide and jt?-bromoanisole at high temperatures. (2) By 
treating antimony trichloride and p-bromoanisole with thrice the 
equivalent quantity of sodium in benzene solution, 200 grams of p- 
bronioanisole giving 68 grams of tri-|?-anisyLstibine. The stibine 
forms colourless rhombohedra, M.pt. 180-5° to 181° C'., easily soluble 
in chloroform, benzene or toluene, less soluble in alcohol, ether, ethyl 
acetate, acetic acid or carbon disulphide. When boiled with con¬ 
centrated hydrochloric acid the stibine decomposes into anisole and 
antimony trichloride. The mercurichloride sintcTS at 235° to 240° ('. 
and decornj)oses at 285° C.; prolonged boiling with alcohol converts 
it into jrr-anisylmercuric chloride. 

Tri -p -phenetylstibine, 



is prepared in a similar manner to the preceding compound. It 
forms acicular ])risms, M.pt. 82° to 83° C., and is more soluble than 
the anisyl derivative; it is similarly decomposed by hot concentrated 
hydrochloric acid. The mercurichloride sinters at 205° to 210° C. and 
decomposes at 225° C. ; when boiled with alcohol it yields p-phcnctyl- 
mercuric chloride. 

Tri - m -xylylstibine, ^ 



This stibine may be prepared in two ways : (1) To the solution pre¬ 
pared from 48 grams of bromoxylene and 7 grams of magnesium in 
75 c.c. of ether, 18 grams of antimony trichloride in 25 c.c. of the same 
solvent arc added and the mixture boiled for six hours. The mass is 
then decomposed with water, the stibine extracted with benzene and 
worked up as described below. Yield 7*2 grams, or 19 per cent. (2) 
Bromoxylene (56 grams) and 23 grams of antimony trichloride in 150 c.c. 
of dry benzene are treated with 50 grams of metallic sodium (thrice 
the equivalent amount), added in thin slices. The mixture usually 
requires warming to start the reaction, and after completion is kept 
overnight, filtered, and the residue extracted three times with boiling 
benzene, these extracts being added to the main filtrate. Evaporation 
away of the solvent gives an oily product, which is poured into absolute 
alcohol, long needles of the stibine separating after a few minutes. The 
yield of crude product is about 25 grams, or 57 per cent. 

1 LolofI, Ber., 1897, 30 , 2834. 

* Goddard, Trans, Chem, Soc,, 1923, 123 , 2319. 
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Tri-m-xylylstibine crystallisses from alcohol in masses of felted 
needles, melting at 148° C. to a clear liquid, which becomes cloudy at 
about 255° C. and, when cooled, solidifies to a transparent mass. It 
is soluble in cold chloroform, acetone, light petroleum or pyridine, 
moderately soluble in alcohol, and more soluble than the para-compound 
in glacial acetic acid. The mercurichloride crystallises from ether in 
fine needles, M.pt. 158° C. 

Tri-5-nitrotri-m-xylylstibine, 



may be obtained as follows: (1) 2 grams of tri-5-nitrotri-m-xylyl- 
stibine dinitrate are dissolved in 200 c.c. of absolute alcohol, 20 c.c. 
of concentrated ammonium hydroxide added, and hydrogen sulphide 
j)asscd into the boiling solution for six hours. The precipitate is 
collected and recrj^stallised from alcohol. (2) Tri-6-bromotri-5-nitrotri- 
w-xylylstibine oxide (1*8 grams) in 40 c.c. of hot absolute alcohol is 
added to a boiling solution of 1*4 grams of sodium thiosulphate in 
25 c.c. of water, and the mixture boiled for 30 minutes. The stibinc 
separates as a white solid. It crystallises from alcohol in small needles, 
M.pt. 192° to 193° C. 

Tri-5-aminotri-m-xylylstibine, [(CH3)2(NH2)C6H2]3Sb, is the 
reduction product of the preceding compound. 5 grams of the mixed 
nitration products obtained by the action of fuming nitric acid on tri- 
m-xylylstibine are added to a boiling solution of 400 grams of absolute 
alcohol containing 3-5 grams of ammonium chloride, 20 c.c. of con¬ 
centrated ammonium hydroxide and 22 grams of zinc dust. The 
boiling is continued for 8 hours, a further 5 grams of zinc dust being 
added at the end of each hour. The solution is filtered whilst hot into 
3000 c.c. of ice-cold water, a pink precipitate separating out. This 
is filtered off, dissolved in 200 c.c. of 10 per cent, hydrochloric acid, 
any insoluble matter filtered off and the filtrate treated with con¬ 
centrated ammonium hydroxide, when 3*5 grams of crude amine are 
obtained (97 per cent.). After several crystallisations from chloroform- 
light petroleum, a brownish-pink powder results, which blackens at 
about 112° C. and melts rather indefinitely at 123° to 124° C. The 
tribenzoyl derivative melts at 99° C. 

Tri -5 -iodotri - m -xylylstibine, 



1 gram of the foregoing amine in 7 c.c. of concentrated hydrochloric 
acid and 200 c.c. of water is diazotised with 0*66 gram of sodium nitrite. 
The diazonium chloride separates as a yellow precipitate and is treated 
with 1*5 grams of potassium iodide in 20 c.c. of water. The precipitate 
changes from yellow to red, and after being warmed on the water-bath 
and kept for three hours, is filtered off. About 1*5 grams of crude 
product result, which is crystallised five times from chloroform- 
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petroleum, a brownish-red crystalline powder resulting. It melts at 
153® C. to a clear red liquid. 

Tripicryltri-S-aminotri-m-xylylstibine, 



2 grams of the amine in the smallest possible quantity of 10 per cent, 
hydrochloric acid are added to 75 c.c. of alcohol containing 3 grains of 
picryl chloride and 8 grams of sodium acetate. The mixture is warmed 
at 30° C. for 15 minutes, an orange precipitate separating (3*9 grams). 
This is boiled with 75 c.c. of water to remove sodium acetate, then 
dissolved in dry chloroform to remove sodium picrate, and the stibine 
is precipitated from the filtered solution by the addition of light 
petroleum. It forms a bronze, crystalline powder, sintering at 178° C., 
then blackening but not melting at 290° C. It gives a carmine solution 
in alcoholic potassium hydroxide, from which the potomwm salt separates 
in scarlet octahedral crystals on slow evaporation. 

Tri-p-xylylstibine,! 



To a solution of 24 grams of j:i-bromoxyleiie and 3*5 grams of magnesium 
in 50 c.c. of ether, 9 grams of antimony trichloride in 20 c.c. of the 
same solvent are gradually added. The whole is boiled on the water- 
bath for four hours, decomposed with water and filtered. The residue 
is dried and extracted with boiling benzene, evaporation away of the 
solvent yielding 7*25 grams of short transparent needles, M.pt. 174*5° C., 
readily soluble in benzene, cold chloroform or boiling glacial a(*etic 
acid, moderately soluble in hot acetone, less soluble in ether or alcohol. 
It reacts with thallic; chloride, forming thallous chloride and tri-p- 
xylylstibine dichloride. 

Tri-a-naphthylstibine,2 



To the Grignard reagent from 42 grams of a-bromonaphthalene and 
5 grams of magnesium in 100 c.c. of ether, 15 grams of antimony tri¬ 
chloride in the same solvent are slowly adcled with constant agitation. 
When the reaction subsides it is completed by boiling for one hour 
on the water-bath, the mixture then being cooled and decomposed by 
water. The ether is removed, the excess naphthalene distilled off in 
steam, the residue dissolved in hot benzene and precipitated by adding 
an equal volume of alcohol. The yield is 15 grams, and after three 
crystallisations from benzene the product melts at 216° to 217° C. It 

1 Goddard, Tram. Chem. 8oc., 1923, 123 , 1170. 

* Matsumiya, Mem. Coll, 8ci, Ky6t&^ 1925, 8 , 14; see Challenger and Pritchard, 
Trans. Chem. Soe., 1924, X 25 » 868, 
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is slightly soluble in ether and alcohol, more easily soluble in benzene, 
carbon disulphide or chloroform. If the antimony trichloride in this 
preparation be replaced by antimony trisulphide, only a small yield 
of the stibine is obtained. 

Tri- 4 -biphenylstibine,^ 



To a solution of 100 grams of 4-chlorodiphenyl and 40 grams of freshly 
distilled antimony trichloride in 500 c.c. of dry benzene, is added an 
excess (50 grams) of granulated sodium. The mixture requires heating 
to start the reaction, but after starting it is necessary to cool in ice to 
moderate the viohaiec of the reaction. When the S})ontaneous action 
slackens, the whole is heated for several hours, the product filtered 
whilst hot, the black residue extracted twice with 250 c.c. quantities of 
hot benzene and the combined filtrates concentrated to approximately 
250 c.c. The addition of an equal volume of warm alcohol causes the 
entire mass to become semi-solid owing to the separation of crystals. 
The product is filtered, washed with cold alcohol and dried at 100^^ C.; 
yield, 89 grams. It readily dissolves in chloroform, methyl iodide or 
benzene, separating from the latter as microscopic^, hair-like crystals. 
It melts at 176*5° to 177*5° C. with previous sintering. Decomposition 
takes place at the boiling-])oiut, with the formation of diphenyl and 
antimony, among other products. 

Compounds of the Types ArAlkgSb and Ar 2 AlkSb. 

Phenyldimethylstibine, C6H5.Sb(CH3)2. —Crude phcnyldichloro- 
stibine, 25 grams, is added to about 25 grams of magnesium methyl 
bromide in 250 c.c. of ether. The reaction is completed by boiling 
the mixture for 30 minutes. The mass is decomposed by water, the 
ether layer withdrawn and dried over calcium chloride, these and the 
following o})erations being tionducted in a carbon dioxide atmosphere. 
The ether is distilled off at the ordinary pressure and the residual oil 
distilled at 16 to 18 mm. Several fractionations yield a imre product, 
B.pt. 112° C. at 16 to 18 mm., density 1*4490 at 20° C., njy 1*5983 at 
19*5° C., riF -nc 0*02523 at 19*5° C., the yield being 5 to 6 grams.^ It 
is a colourless, mobile oil, fuming faintly in air and readily oxidising 
in solution. It combines with the halogens and alkyl halides in the 
usual manner. 

Phenyldiethylstibine, CeH 5 .Sb(C 2 H 5 ) 2 , is obtained in a similar 
manner to the preceding compound, 25 grams of phenyldiehlorostibine 
yielding 6 to 6*5 grams of pure stibine. It is a colourless liquid, B.pt. 
128° C. at 16 to 18 mm., density 1*3487 at 24° C., Wd 1*5903 at 21*8° C., 
and nF~nc 0*02373 at 21*8° C. It fumes in air and rapidly oxidises 
with evolution of heat, its properties resembling those of the methyl 
derivative. 

Diphenylmethylstibine, CH3.Sb(C6H5)2. —25 grams of diphenyl- 
chlorostibine in 100 c.c. of anhydrous ether are slowly added to 15 grams 
of magnesium methyl bromide in 250 c.c. of ether. After boiling the 
whole for 80 minutes on the water-bath, the mass is decomposed with 

^ Woirall, J. Amer, Chem. Soc., 1930, 52 , 2046. 

* Griittner and Wiernik, jSer., 1916, 48 , 1749, 1769. 
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water, the ether layer separated in a carbon dioxide atmosphere and 
dried over calcium chloride. Removal of the solvent and fractionation 
of the residue in an inert gas yields 10 to 11 grams of pure stibine. It 
is a colourless, somewhat viscous oil, B.pt. 174° to 177° C. at 16 to 18 mm., 
density 1-2134 at 20° C., m, 1-6021 at 20° C., and riF-ric 0-02399 at 
20° C. It does not fume in air, but readily oxidises. It yields no 
stibonium compounds with methyl and ethyl iodides even on heating 
for 10 hours at 100° C., but it combines with chlorine and bromine. 

Diphenylethylstibine, C 2 H 5 .Sb(C 6 H 5 ) 2 , is obtained in similar 
yield and by the same process as the preceding derivative. It is a 
colourless, viscous oil, R.pt. 190° to 192° C. at 16 to 18 mm., density 
1-3541 at 19-5° C., n^^ 1-6309 at 20-5° C., ny -nr, 0-02732 at 20-5° C. It 
has similar properties to the corresponding methyl compound. 

Compounds of the Types R3SbHal.2, R3Sb(OH)Hal., 

RgSbO AND R3SbX2. 

The dihalides, R 3 SbHal. 2 , may be obtained by heating mercury 
diphenyl with antimony trichloride at a high temperature in an auto¬ 
clave, or as by-products in the preparation of triarylstibines by the 
Fittig reaction. Halogens also add on directly to triarylstibines, giving 
the dihalidcs, and in the case of chlorine, the following tdilorides may 
replacje the free element in the preparation: co})per, iron, thallium, 
phosphorus or arsenic chloride. 

Triphenylstibinc dichloride and dibromide undergo hydrolysis with 
alcoholic alkali, whilst a large bulk of boiling water transforms the 
dichloridc to the hydroxychloride : 

R3SbX2 + H 2 O =R3Sb(OH)X +HX 

Di-iodides also tend to undergo hydrolysis, forming hydroxyiodidcs, 
but the latter arc much more readily formed by the action of moisture 
on the cyanohalides ; 

R3Sb(( N)X + H 2 O =R3Sb(OH)X + HCN 

The dihydroxides are obtained from the dihalides by the action of 
alkali, 

R3SbX2 + 2KOH =R3Sb(OH)2 + 2KX 

or by oxidising the triarylstibines directly by means of alkaline or 
feebly acid potassium permanganate, or by hydrogen peroxide in the 
presence of alkali. The products thus obtained are solid, crystalline 
substances. Alcoholic alkali does not always convert the dihalides to 
dihydroxides, whilst in some cases the oxide results : 

RgSbXa —^ R3Sb(OH)2 —► RaSbO 

The oxides are white, amorphous solids, reacting with acids to form 
salts. 

Dinitrates are formed when the dihalides are treated with alcoholic 
silver nitrate, or by direct nitration, using fuming nitric acid. In the 
latter case substitution in the benzene nucleus takes place at the same 
time and a mixture of products results, the separation of the com¬ 
ponents usually being impossible. Lead salts have also been used in 
the same way as silver salts for producing triarylstibine salts. 
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Unlike triphenylarsine, triphenylstibine does not react directly with 
sulphur to yield a sulphide, the latter occurring when the dibromide is 
treated with hydrogen sulphide. Finely divided copper removes the 
sulphur from a suspension of the sulphide in boiling benzene, yielding 
pure triphenylstibine. This method is used as a basis for purifying 
triarylstibines. 

Triphenylstibine dichloride, (CeH 5 ) 3 SbCl 2 , may be prepared in 
several ways : ( 1 ) By the prolonged heating of antimony trichloride 
with mercury diphenyl in a sealed tube at 1 »S()° C.^ ( 2 ) By treating 

the stibine in cold petroleum ether with chlorine ^ or with cupric chloride.^ 
(3) It occurs as a by-product in the preparation of triphenylstibine by 
the Fittig reaction.^ It crystallises in colourless needles, M.pt. 143° C.,® 
soluble in hot alcohol, benzene or carbon disulphide, sparingly soluble 
in cold alcohol or ether. It is hydrolysed by alcoholic alkali to the 
hydroxide, but is unaffected by water. When an alcoholic solution of 
the dichloride is added to a large volume of boiling water and the 
solution evaporated to crystallising point, triphenylstibine hy dr oxy¬ 
chloride separates, (€ 3115 ) 386(011 )C1.® The hydroxychloride crystallises 
from benzene in transparent, colourless spicules, M.pt. 218° C. 

Triphenylstibine dibromide, (CeH 5 ) 3 SbBr 2 ,’ occurs when tri- 
j:)henylstibine in glacial acetic acid is treated dropwise with bromine. 
It forms needles, M.pt. 216° C., soluble in benzene, carbon disiilphide 
or hot glacial acetic acid, sparingly soluble in other organic solvents. 

Triphenylstibine di-iodide, (C 6 H 5 ) 3 Sbl 2 , is precipitated when 
solutions of the stibine and iodine in light petroleum are mixed. It 
crystallises as pale yellow plates, M.pt. 153° C., soluble in benzene, 
insoluble in alcohol, ether and light petroleum. 

Triphenylstibine in cold, dry, ether solution yields a cyanoiodide, 
(C 3 H 5 ) 3 Sb(CN)I, when treated with cyanogen iodide.® The compound 
is a pale yellow solid, M.pt. 174° C., and is not very stable, yielding the 
hydroxyiodide, (C 8 H 5 ) 3 Sb(OH)I, even in dry solvents, hydrogen cyanide 
being evolved. The hydroxyiodide ® also occurs when the cyanogen 
iodide is added to triphenylstibine in ordinary ether. It forms white, 
satin-like leaflets, M.pt, 196° C., insoluble in ether or light petroleum, 
but soluble in other organic solvents. 

Tri-o-tolylstibine dichloride, (CH 3 .C 6 H 4 ) 3 SbCl 2 ,^® is obtained 
by passing chlorine into a cold ether solution of the stibine. It crys¬ 
tallises from alcohol-chloroform as shining, snow-white needles, M.pt. 
178° to 179° C. The con*esponding dibromide forms colourless crystals, 
M.pt. 209° to 210 ° C., and the di-iodide pale yellow crystals, M.pt. 174° 
to 175° C., turning red. 

Tri-m-tolylstibine dichloride crystallises from ether as thick 
needles, M.pt. 137° to 138° C., readily soluble in benzene or chloroform, 
less soluble in alcohol or acetic acid, sparingly soluble in petroleum 

^ Hasenbaiimer, Ber., 1898, 31 , 2911. 

* Pfeiffer, Ber., 1904, 37 , 4621. 

^ Mlchaelis and Beese, Annalen, 1886, 233 , 39. 

* Micbaelis and Beese, Ber,, 1882, 15 , 2876. 

® //Ha 183-94 at 20-2° C. (Ghira, Gazzetta, 1894, 24 , i, 309, 324). 

® Morgan, Micklethwait and Whitby, Trans, Chem. 80 c,, 1910, 97 , 37. 

^ Michaelis and Beese, AnnaJkn, 1886, 233 , 49. 

® Hantsssch and Hibbert, Ber,, 1907, 40 , 1513. 

* WiUdnson and Challenger, Trans, Chem, 80 c,, 1924, 125 , 860. 

Michaelis and Genzken, Annaien, 1887, 242 ,164; Ber., 1884, 17 , 924. 
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ether. The dibromide forms colourless crystals from ether, M.pt. 118® C., 
and the di-iodide separates from chloroform-petroleum ether as colourless 
crystals, M.pt. 188® to 139® C. 

Tri-p-tolylstibine dichloride separates from alcohol-benzene as 
glistening crystals, M.pt. 156® to 157® C., very soluble in chloroform, 
benzene or ether, less soluble in alcohol and insoluble in petroleum ether. 
The dibromide yields small, glistening crystals, M.pt. 288® to 284® C., 
and the di-iodide is a yellow powder, M.pt. 182® to 188® C. The di-iodide 
undergoes partial hydrolysis on repeatedly boiling in chloroform solu¬ 
tion, giving the hydroxyiodide, M.pt. 218® to 219® C. If these dihalides 
are dissolved in alcoholic ammonia and treated with hydrogen sulphide, 
they are decomposed, with formation of the free stibine : 

(CH3.CeH4)3SbCl2 + 4NH3 +2H2S = (CH3.CeH4)3Sb +2NH4CI 

-f[(NH4)2S+S] 

Tribenzylstibine dichloride, (C 6 H 5 .CH 2 ) 3 SbCl 2 , is obtained ^ 
when magnesium benzyl chloride reacts with antimony trichloride in 
ether solution.^ It separates from alcohol as lustrous crystals, M.pt. 
105® to 108® C. 

Tri-p-anisylstibine dichloride, (CH 30 .C 3 H 4 ) 3 SbCl 2 .®—A chloro¬ 
form solution of the stibine is treated with alcohol and then alcoholic 
(cupric chloride added until no further precipitation of cuprous chloride 
occurs. The liquid is filtered and the filtrate evaporated, the residue 
being extracted with benzene, removal of the solvent then yielding the 
dichloride. The latter is purified by solution in chloroform and re¬ 
precipitation with petroleum ether. It forms white crystals, M.pt. 
116® to 117® C., which recrystallise from benzene with a molecule of 
benzene of crystallisation, the melting-point then being 82° to 88® C. 
The dichloride is readily soluble in benzene, chloroform or ether, 
sparingly soluble in alcohol and insoluble in petroleum ether. The 
dibromide^ obtained from the stibine and bromine in chloroform solution, 
crystallises in plates, M.pt. 128® C. From benzene the dibromide 
separates in prisms containing one molecule of solvent and melting at 
81® to 82® C. The diHodide forms yellow leaflets, M.pt, 116® C., stable 
towards water, but appearing to be decomposed by aqueous alcohol. 

Tri-p-phenetylstibine dichloride, (C2H60.CeH4)3SbCl2, pre¬ 
pared in a similar manner to the anisyl compound, melts at 84® C., and 
is sparingly soluble in petroleum ether. The dibromide forms fine 
needles, M.pt. 110® to 111® C., and the di-iodide, prismatic crystals, 
M.pt. 121® to 122® C., both compounds having similar solubilities to 
tri-p-anisylstibine dichloride. 

Tii-m-xylylstibine dichloride,^ 



A chloroform solution of the stibine is saturated in the cold with 
dry chlorine and allowed to evaporate spontaneously. The dichloride 
^ Morgan and Micklethwait, Proc, Chem. 80 c,, 1912, 28 , 69. 

* It is asserted (German Patent, 466364) t^t this reaction yields antimony tribenzyl. 

* Ldloff, Ber., 1897, 30 , 2834. 

^ Goddard, Trans* Chem. 80 c., 1923, 123 , 2319. 
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forms small, white, granular crystals, M.pt. 189® C. The dibromide is 
a crystalline powder, M.pt. 195° C. 

Tri-6-bromotri-5-nitrotri-m-xylylstibine dibromide, 



This is obtained in the usual manner and separates from chloroform- 
light petroleum as a white crystalline ])owder. 

Tripicryltri-5-aminotri-m-xylylstibine dibromide, 


NO., 


separates from chloroform-light petroleum as a lemon-yellow, crystalline 
powder. It blackens at 183° C. and melts at 188° C. It dissolves in 
akfoholic potassium hydroxide, giving a. carmine solution, from which 
the potassium salt separates as scarlet (‘rystals. 

Tri-p-xylylstibine dichloride, (C 8 H 9 ) 3 SbCl 2 .^—To a solution of 
2‘17 grams of the stibine in 80 e.c. of benzene, 1*55 grams of thallic 
chloride arc added and the solution kept overnight. The thallous 
chloride is then filtered off, the filtrate evaporated to small bulk and 
treated with light petroleum, when the dichloride, 1*3 grams, separates. 
It is a crystalline powder, soluble in cold chloroform, acetone or benzene, 
moderately soluble in pyridine and insoluble in light petroleum. 

Tri-a-naphthylstibine dichloride, (CjioH 7 ) 3 SbCl 2 ,^ is prepared 
by treating the stibine in ether-benzene or carbon tetrachloride with 
chlorine. It forms colourless crystals from ether-benzene, M.pt. 256° C., 
slightly soluble in benzene or chloroform, sparingly soluble in carbon 
disulphide, practically insoluble in ether, alcohol and petroleum ether. 
The dibromide is prepared in carbon disulphide solution and separates 
as pale yellow crystals, M.pt. 232° C.® 

Tri-biphenylstibine dichloride, (CeH 5 .C 3 H 4 ) 3 SbCl 2 .^ —Tri-bi- 
phcnylstibine dihalides are obtained by dissolving 5 grams of the 
stibine in 20 c.c. of pure dry chloroform, adding slightly less than the 
theoretical amount of the corresponding halogen in chloroform and 
filtering off the resulting precipitate. Other methods do not yield a 
white product. The compounds contain chloroform of crystallisation 
and melt with preliminary softening and decomposition. The di¬ 
chloride forms small prisms, M.pt. 273° to 274° C.; the dibromide gives 
narrow plates, M.pt. 259° to 260° C.; the di-iodide yields small plates, 
M.pt. 176° to 178° C. 

' Goddard, Trans. Chem. 8 oc., 1923, 123 , 1170. 

* Matsumiya, Mem. Coll. Set. Kyoto, 1925, 8 , 11; Challenger and Pritchard, Trans. 
Chem. 80 c., 1924, 125 , 868 . 

’ Challenger and Pritchard (/oc. cit.) give the melting-points as follows: dichloride, 
M.pt. 260° C., dibromide, M.pt. 229° C. with decomposition. 

* Worrall, J. Amer. Chem. 80 c., 1930, 52 , 2046. 
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Tricamphorylstibine dichloride,^ 


CsH 



SbClg 

3 


When a toluene solution of antimony trichloride is added to a solution 
of sodium camphor in the same solvent, heat is generated and a bulky 
precipitate separates. The mixture is warmed on the water-bath, 
allowed to stand for a few days, and then treated with water, when 
antimony oxide separates and is filtered off. The filtrate is steam 
distilled, the residue extracted with benzene and the solution con¬ 
centrated. Icc-likc crystals separate and light petroleum is added to 
aid precipitation. Recrystallisation from benzene yields the pure 
stibine dichloride. The melting-point is 244° C., although on rapid 
heating the product may remain unchanged at 247° to 248° C. The 
dichloride gives the value 367*3° for the rotation [aji) at 20° C. in chloro¬ 
form solution. It is sparingly soluble in alcohol, insoluble in water, 
and may be boiled with 2N hydrochloric acid without decomposition. 
(3n warming with 2A^ sodium hydroxide, the chloride is readily hydrolysed 
into antimonic and hydrochloric acids and camphor. When heated 
with aqueous sodium bicarbonate at 55° C. the chloride is destructively 
hydrolysed, and a similar result is obtained with ammonium hydroxide 
or alcoholic silver nitrate. 

Triphenylstibine dihydroxide, (C 6 H 5 ) 3 Sb(OH) 2 , may be isolated 
in several ways : (1) Triphenylstibine dibromide is added to warm 
alcoholic potassium hydroxide and the mixture boiled to complete the 
reaction.2 (2) Triphenylstibine is boiled for three hours with alkaline 

permanganate solution or warmed on the water-bath with an excess of 
1 per (!ent. permanganate solution and dilute sulphuric acid, the per¬ 
manganate being added from time to time. The solution is finally 
evaporated and the residue extracted with alcohol, which dissolves the 
dihydroxide.® (3) It may be obtained in crystalline form by adding 
an alcoholic solution of triphenylstibine dichloride to an equal volume 
of 2N sodium hydroxide solution and allowing the mixture to stand for 
a few days, when it separates out. (4) Triphenylstibine, in solution or 
in suspension, is treated with 3 per cent, hydrogen peroxide in the 
presence of dilute potassium hydroxide, or with sodium peroxide.^ 

The dihydroxide crystallises in leaflets, M.pt. 212° C., soluble in 
alcohol or glacial acetic acid, insoluble in ether or petroleum ether. 

Triphenylstibine diacetate , (C gHg) gSb (OCOCH 3 ) g. ^—Triphenyl¬ 
stibine in acetone solution is oxidised by 3 per cent, hydrogen peroxide 
and the oxidation product filtered off, dried and recrystallised from 
glacial acetic acid. The diacetate melts at 215° C., is readily soluble in 
warm methyl alcohol, and is converted to the corresponding dichloride 
by hydrochloric acid. 

Triphenylstibine dibenzoate, (CeH5)3Sb(OCOC6H5)2,® is prepared 
by the interaction of the stibine and benzoyl peroxide in light petroleum 

^ Morgan, Micklethwait and Whitby, Trans. Ghent. 80 c., 1910, 97 , 36. 

3 Michaelis and Reese, Annalert^ 1886, 233 , 49. 

« May, I'rans, Ghent. 80 c., 1910, 97 , 1956. 

^ German Patent, 360973. 

^ Schmidt, AnnaUut 1922, 429 , 123. 

* Challenger and Wilson, J. Ghent. 80 c., 1927, p. 209. 
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solution, or from the dichloride and silver benzoate. It is a solid, 
M.pt. 171*5° C. 

Triphenylstibine dinitrate, (CeH 5 ) 3 Sb(N 03 ) 2 ,^ obtained by the 
action of nitric acid on the dihydroxide, crystallises in plates, M.pt. 156° 
C., soluble in hot concentrated nitric acid or alcohol, insoluble in water. 

When triphenylstibine dichloride is treated with alcoholic silver 
nitrate, a hydroxynitrate, (CeH 5 ) 3 Sb( 0 H)N 03 , results.^ This cryvstallises 
from boiling water in colourless leaflets, softening at 220 ° C. and melting 
at 224° to 225° C‘. It is reduced by Devarda’s alloy in the presence of 
ammonium hydroxide to triphenylstibine and ammonia. 

Triphenylstibine sulphate, (C 3 H 5 ) 3 SbS 04 .®—Triphenylstibine and 
concentrated sulphuric acid are heated together on the water-bath until 
reaction is complete, the product then filtered off on asbestos, washed 
with cold alcohol, and afterwards extracted with this solvent. Small 
crystals are obtained, which are unmclted at 800° C. and arc soluble in 
concentrated sulphuric acid and most organic solvents. The sulphate 
is decomposed by w^arm aqueous sodium hydroxide, giving triphenyl¬ 
stibine dihydroxidc. 

If triphenylstibine dichloride is treated with alcoholic silver sulphate, 
the hydroxysulphate is obtained, [(C 8 ll 5 ) 3 Sb( 0 H)] 2 S 04 .^ This forms 
colourless, nodular crystals, M.pt. 252° C. with decomposition, insoluble 
in (‘old water, soluble in coM concentrated sulphuric acid. Sulphoriation 
of the hydroxysulphate, using equal volumes of concentrated sulphuric 
acid and 20 per cent. “ oleum ” at 100 ° C. for three hours, then adding an 
equal volume of “ oleum ” and allowing to stand for twelve hours, yields 
triphenylstibine dihydroxide trisulphonic acid, (H 0 ) 2 Sb(C 8 H 4 .S 03 H) 3 . 
SHgO. This acid is isolated through its barium salt, the free acid being 
a brittle yellow mass resembling amber. Trituration with phosphorus 
pcntachloride, and then water, gives a hydroxy chloride, (C 8 H 4 . SO 201)3 
SbOl(OH), decomposing indefinitely at 110 ° C.^ 

Triphenylstibine dithiocyanate, (CeH 5 ) 3 Sb(CNS) 2 .®—Triphenyl¬ 
stibine (5 grams) is dissolved in 72 c.c. of a solution obtained from 
7*5 grams of lead thiocyanate, 3 grams of bromine and 100 c.c. of dry 
ether. Light petroleum is added after five hours, the dithiocyanate 
separating. It forms broad white needles from alcohol, M.pt. 105° to 
106° C., soluble in the usual organic solvents, except light petroleum. 
At 250° C. it decomposes, giving an odour of phenyl thiocyanate. 

Triphenylstibine dichloride reacts with lead thiocyanate in dry 
benzene on prolonged shaking, yielding a hydroxy thiocyanate, ( 03115)3 
Sb(OII)CNS, a white solid, M.pt. 221 ° to 2*25° C. This has a similar 
solubility to the dithiocyanate, into which it is converted when treated 
with an excess of thiocyanic acid in ether. 

Triphenylstibine dicyanate,^ (C3H5)3Sb(CNO)2, is obtained from 
the di chloride and silver cyanate. It is a white crystalline product, 
M.pt. 111 ° to 112 ° C. 

Triphenylstibine sulphide, (C 3 H 5 ) 3 SbS.®—A stream of hydrogen 

^ Michaelis and Reese, he, cit, 

2 Morgan, Micklethwait and Whitby, Trans, Chem, 80 c., 1910, 97 , 36. 

* May, loe, ciU * Morgan, Micklethwait and Whitby, loc, cit, 

® Morgan and Micklethwait, Trans, Chem, 8 w,, 1911, 99 , 2286. 

• Challenger, Smith and Paton, Trans, Chem. 80 c,, 1922, 12 $, 1046. 

^ Challenger and Wilson, loc, cit, 

« Kaiifmann,i5er., 1908 , 41 , 2762; German Patents, 223694,240316; American Patent, 
1060765; Magidson and Siisskind, Trans, 8 ci, Chem,-Fham, Inst, Mosetm, 1923, 6 , 21. 
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sulphide is passed into a filtered solution containing 10 grams of 
triphenylstibine dibromide in about 160 c.c. of saturated alcoholic 
ammonia. The liquor is well stirred during the operation and the gas 
stream is discontinued when a faint yellow coloration is produced, which 
disappears on shaking. The precipitated sulphide is collected., washed 
with a little alcohol and then petroleum ether, and dried in air, the 
yield being about 80 per cent. If the dibromide be replaced by the 
dichloride, the operation must be carried out in boiling solution. The 
sulphide forms colourless crystals, M.pt. 119° to 120° C., readily soluble 
in benzene, chloroform or acetic acid, sparingly soluble in alcohol 
(1 part in 120 parts of absolute alcohol at the ordinary temperature 
and in 100 parts at the boiling-point), very sparingly soluble in ether 
or petroleum ether. Prolonged heating or dilute acids convert the 
sulphide into triphenylstibine and sulphur. It may also be transformed 
into triphenylstibine in the following manner, which is a useful way of 
purifying the stibine : 100 grams of the sulphide in a mixture of 450 c.c. 
of absolute alcohol and 50 c.c. of benzene are heated under reflux for 
30 minutes, then treated with 35 grams of finely divided copper 
(“ Naturkupfer C ”) and the boiling continued for three hours. The 
hot solution is filtered and evaporated, when pure triphenylstibine 
results. The process gives an 80 to 90 per cent, yield. The copper 
may be replaced by iron powder. 

The preparation of the sulphide from the dihalides by hydrogen 
sulphide in ammoniacal alcoholic solution requires some care or the 
reaction goes beyond the stage required and decomposition products 
result. The dihydroxide probably is first formed, (C 6 H 5 ) 3 Sb(OH) 2 , 
and this reacts with the hydrogen sulphide as follows :— 

(CeH5)3Sb(OH)2 +H 2 S = (CeH5)3SbS + 2 H 2 O 

Decomposition may take place owing to the following reaction occurring : 

/SNH, 

(CeH JaSbS + NH,SH = (CeHj3Sb<; 

\SH 

It has also been suggested that a sulphur derivative of the constitution 

/NH, 

(C«H,),Sb=S=S< 

\h 

may be formed. 

Triphenylstibine hydroxyselenocyanide, (CeH5)3Sb(OH) 
(SeCN),^ is the product of the interaction of triphenylstibine dichloride 
and potassium selenocyanate or cyanogen triselenide. It forms 
colourless needles, M.pt, 178° C. When heated it yields phenyl seleno- 
cyanide, and with hydrochloric acid gives triphenylstibine dichloride. 
Tri-m-nitrotriphenylstibine dihydroxide, 

Sb(0H)8 


This dihydroxide may be prepared in two ways ; (1) Triphenylstibine 
is slowly added to a mixture consisting of 1 part of nitric acid and 

^ Challenger, Peters and Hal6vy, J. CAem. Soc., 1926, p. 1648. 
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3 parts of sulphuric acid maintained at 40° C., and the resulting 
solution diluted with water, the temperature being kept below 25° C.^ 
(2) Triphenylstibine hydroxy nitrate is nitrated with “mixed acid,” first 
at 40° C. and subsecpiently at 55° C.^ The dihydroxide crystallises 
as pale yellow leaflets, M.pt. 190° to 191° C., soluble in glacial acetic 
a(;id, less soluble in alcohol or ether, insoluble in benzene, light petroleum 
and water. It does not yield ammonia when treated with Devarda’s 
alloy. Under the action of alcoholic hydrochloric acid it gives a 
mixture of dichloride and hydroxychloride. Its alcoholic solution, 
when reduced by zinc dust and ammonium chloride, yields tri-m-amino- 
triphenylstibinc. The dihydroxide forms alkali salts, which dissolve 
to brownish-orange solutions in water, accpiiring an odour of nitro¬ 
benzene on boiling. Other salts of the metals are only sparingly 
soluble. The dry sodium, salt^ when heated with phosphorus penta- 
bromide, bromine and triethylaminc in chloroform solution at 130° to 
160° C., yields l-bromo-3-nitrobenzene in 70 per cent, yield. 

Tri-p-acetylaminotriphenylstibine hydroxide, (CHg.CO.NH. 
CgH4)3Sb0.4H20.®—The a-modilieation of tri-p-acetylaminotrij)henyl- 
stibine (8*5 grams) is dissolved by boiling with 600 c.c. of methyl 
alcohol. The solution is rapidly cooled and 30 c.c. of 3 per cent, 
hydrogen peroxide added. The product is isolated by adding hydro¬ 
chloric acid and a large bulk of water, when the chloride, sintering at 
170° C., is precipitated. This is filtered off and suspended whilst still 
moist in a little methyl alcohol, cooled in ice, and a small excess of 
sodium hydroxide added until solution occurs. The whole is then 
poured into water, when the hydroxide is precipitated. It is a colourless 
substance, melting at 200° C. when precipitated from aqueous methyl 
alcohol, but from the hot dry solvent it crystallises in a modification 
which darkens towards 250° C, The variety of melting-point 200° C. 
is insoluble in alkali; l)oth modifications yield the chloride on treatment 
with alcoholic hydrogen chloride. 

Tri-o-tolylstibine oxide, (CH3.C6H4)3SbO,^ occurs when the di- 
brornide is treated with alcoholic caustic alkali. It is a white amorphous 
powder, melting at about 220° C., and is converted to the dichloride by 
hydrochloric acid. 

Tri-m-tolylstibine oxide is prepared in a similar manner to the 
foregoing compound. It is a yellowish-white amorphoTis powder, 
softening at 185° C. and melting at about 210° C., insoluble in water, 
slightly soluble in alcohol, benzene, chloroform or ether. When dis¬ 
solved in glacial acetic acid it is converted into a basic acetate^ (CHg. 
C 6 H 4 ) 3 Sb(OH)O.CO.CIl 3 , M.pt. 142° to 143° C., soluble in benzene, 
sparingly soluble in the usual organic solvents, insoluble in petroleum 
ether. An attempted preparation of tri-m-tolylstibine by the Grignard 
reaction gave only tri-m-tolylstibine hydroxychloride^ a white powder, 
M.pt. 209° C.« 

Tri-m-tolylstibine sulphide, (CH 3 .CeH 4 ) 3 SbS,® occurs when an 
alcoholic ammoniacal solution of the dichloride is treated with hydrogen 
sulphide. It crystallises from alcohol in needles, M.pt. 162° to 168° C., 

^ May, Trans, Chem. Soc,, 19JO, 97 , 1956. 

* Morgan and Micklethwait, loc. cii. 

* Schmidt, Annalen, 1922, 429 , 135. 

* Michaelis and Gonzken, Annalen, 1887, 242 , 164. 

® Challenger and Pritchard, Trans, Chem, 80 c,^ 1924, 125 , 864. 

* Michaelis and Genzken, loc, eit. 
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sparingly soluble in organic solvents with the exception of benzene 
and chloroform. In the latter solvent the sulphide is transformed to 
dihalide when treated with halogens. 

Tri-p-tolylstibine dihydroxide, (CH 3 .CgH 4 ) 3 Sb(OH) 2 ,^ is formed 
by treating a solution or suspension of tri-j[?-tolylstibine with 3 per cent, 
hydrogen peroxide in the presence of dilute potassium hydroxide, or 
with sodium peroxide. It is a crystalline product, M.pt. 225° C. 

Tri-p-tolylstibine oxide ^ is a white amorphous powder, melting 
at about 220° C., readily soluble in alcohol, benzene or chloroform, 
sparingly soluble in ether or petroleum ether. Glacial acetic acid 
converts it into the hamc acetate^ M.pt. 168° to 169° C.,® and ei formate 
has also been isolated but not analysed. 

Tri - m - nitrotr i - p - tolylstibine oxide 

^ SbO 

NOj - 3 

The dinitrate is heated for 8 hours with phosphorous acid in absolute 
alcohol and the mixture then poured into water. The oxide is rccrystal- 
lised from alcohol ; it is a white powder, softening at 220° C. and 
melting at 225° C. ; at higher temperatures it becomes black. 

Tri-m-nitrotri-p-tolylstibine dinitrate, (C7H6.N02)3Sb(N03)2. 

' Tri-p-tolylstibinc is slowly added to the calculated quantity of well- 
cooled fuming nitric acid and the solution poured into water. The 
dinitrate is a light, cream-coloured powder, melting at 182° C. after 
several recrystallisations from alcohol. When heated with bromine 
and phosphorus pentabromide in chloroform solution for four hours 
at 130° C., it yields 4-bromo-2-nitrotoluene. 

Tri-p-anisylstibine oxide, (CH 30 .C 6 H 4 ) 3 Sb 0 ,® formed by decom¬ 
posing the dihalides with alkali, yields crystalline crusts from alcohol, 
M.pt. 191° C., very soluble in benzene, ether or chloroform, less soluble 
in alcohol. Halogen acids convert it to dihalide. 

Tri-p-anisylstibine dinitrate, (CH 30 .CeH 4 ) 3 Sb(N 03 ) 2 , occurs 
when the dibromide is treated with alcoholic silver nitrate. It forms 
small needles, M.pt. 217° C. with decomposition. 

Tri-p-phenetylstibine dinitrate, (C2H50.C6ll4)3Sb(N03)2, melts 
at 151° to 152° C. and decomposes at 170° C. 

Tribenzylstibine oxide, (CeH 5 .CH 2 ) 3 SbO, is obtained by hydro¬ 
lysing the dichloride with weak alkali. It decomposes indefinitely at 
240° C.« 

Tribenzylstibine dihydroxide, (C 7 H 7 ) 3 Sb(OH) 2 .’—The product 
obtained by the interaction of antimony trichloride (1 mol.), benzyl 
chloride (3*3 mols.) and magnesium (3-5 atoms) in dry ether is extracted 
with 12 per cent, aqueous sodium hydroxide and the insoluble residue 
shaken with ether or distilled with steam. The residue is dissolved in 
boiling alcohol and the solution treated with water, the precipitated 

^ German Patent, 360973. 

2 Michaelis and Genzken, loc. cii. 

* German Patent, 360973, gives M.pt. 165*^ C. 

* Goddard and Yarsley, J. Chem, Soc,, 1928, p. 719. 

5 Loloff, Ber„ 1897, 30 , 2840. 

® Morgan and Micklethwait, Proc. Chem, Soc., 1912, 28 , 69. 

’ Challenger and Peters, J. Chem., Soc*, 1929, p. 2610. 
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product on repeated crystallisation from aqueous alcohol melting at 
161° C. When the dihydroxide in chloroform is warmed with concen¬ 
trated hydrochloric acid, tribenzylstibine dichloride, M.pt. 108° C., is 
obtained. Nitration of the dihydroxide probably affords trinitro- 
tribenzylstibine dinitrate, M.pt. 115° C., which yields p-nitrobenzoic 
acid on oxidation with 4 per cent, alkaline potassium permanganate 
solution. 

Tri - 5 - nitrotri - m -xylylstibine oxide,^ 



5 grams of the corresponding dinitrate are boiled for five hours with 
300 c.c. of absolute alcohol containing 25 grams of phosphorous acid, 
and the resulting solution poured into 2 litres of water. The precipitated 
oxide (3-8 grams) is collected, dried, dissolved in chloroform and pre¬ 
cipitated by light petroleum. It is a white crystalline powder, sintering 
at 210° C. and melting at 218° C., soluble in alcohol and giving an orange- 
coloured solution in chloroform. Solution of the oxide in glacial acetic 
acid and addition of ether causes the separation of tri-B-nitrotri-m- 
xylylstibine diacetate, (C 8 H 8 .N 02 ) 3 Sb( 0 C 0 CIl 3 ) 2 , a white precipitate, 
softening at 160° C. and melting at about 198° C, 

Tri - 5 - ni trotri - m - xylylstibine dinitrate, 



21 grams of tri-m-xylylstibine are slowly added to 100 c.c. of nitric 
acid (density 1*16), complete solution taking place, and the mixture, 
after being warmed for 20 minutes on the water-bath, is poured into 
3 litres of water. The precipitate (38*2 grams) is collected after 15 
minutes, dried and repeatedly recrystallised from alcohol. It is a white 
powder, sintering at 150° C. and melting at 175° C. with frothing. It 
is soluble in warm chloroform or acetic acid, slightly soluble in alcohol, 
insoluble in light petroleum. When heated with phosphorus penta- 
bromide in chloroform solution at 130° C. for five hours, it gives a 
65 per cent, yield of 4-bromo-6-nitro-m-xylene. 

Tri- 6 -bromotri- 5 -nitrotri-m-xylyl 8 tibine oxide, 



Tri-5-nitrotri-m-xylylstibine oxide in chloroform solution is treated 
with bromine in light petroleum. The product is a white, crystalline 
substance, melting at 162° C. to a yellow liquid, which decomposes 
with gas evolution at 168® C. When reduced in alcoholic ammonium 
hydroxide by zinc dust in the presence of ammonium chloride, the 
bromine is eliminated and tri-5-aminotri-m-xylylstibine obtained. 

^ Goddard, Trans. Chem. 8oc., 1923, 123 , 2321. 
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Tri-a-naphthylstibine oxide, (CjoH 7 ) 3 SbO,^ is prepared by 
trcatiti^ the dil)ronnde or diehloride with aleoholie potassium hydroxide. 
It crystallises from carbon disulphide-benzene with one molecule of 
benzene, and melts at 219° to 220° C. The benzene may be removed 
by heating the ju'oduet at 90° (!. The oxide is slightly soluble in 
aleoliol, moderately soluble in chloroform or carbon disulphide, sj)aringly 
soluble in ether, petroleum ether or benzene. 

Tri-biphenylstibine dihydroxide,^ 

sb(on), 

The eorres))onding halogen derivatives do not react with water, hot or 
cold, and only slowly with warm 95 per cent, ethyl alcohol. Boiling with 
alcohol containing ammonia for one hour, however, converts them 
quantitatively into tri-hrphenylsiihme cU hydroxide. This separates 
from hot alcohol, in which it s])aringly dissolves, as small, flat needles, 
commencing to sinter at 205° ('. and melting with foaming at 210° to 
211° C. It is almost insoluble in benzene. 

Tri-biphenylstibine sulphide, (CfiIl5.C6H4)3S})S, obtained by the 
action of hydrogen sulj)hidc on an alcohol solution of the hydroxide*, 
softens above 108° C. and melts with foaming at 173° C. 

Compounds of the Types ArAlk2SbHal.2 ond AraAlkSbllal.g. 

Phenyldimethylstibine dichloride, C6ll5.Sb(CH3)2Cl2-—Phenyl- 
dimethylslibine is dissolved in 10 ])arts of carbon tetrachloride and 
treated with dry chlorine for 30 minutes. Spontaneous evaporation 
yields long, e()lourl(‘ss prisms, which are treated with a little cold ether 
and rccrystallised from acetic acid. The yield is quantitative. The 
])roduct melts at 128° C., and is readily soluble in benzene.® 

Phenyldimethylstibine dibromide, C\H 5 .Sb(CJl 3 ) 2 Br 2 . ™ A dry 
solution of bromine in carbon tetrachloride is added to a similar solution 
of the stibinc until a permanent bromine coloration persists. Evapora¬ 
tion of the solution at the ordinary temperature yields stout, (‘olourlcss 
plates and prisms, M.pt. 112° to 113° C., possessing a similar solubility 
to the dichloride. 

Phenyldimethylstibine di-iodide, C,jll 5 .Sb(CH 3 ) 2 l 2 ? occurs when 
a petroleum solution of iodine is added dropwise to a similar solution 
of the stibine. The di-iodide sei)arates out immediately, and is a 
colourless, (Tystalline })owder, M.pt. 98*5° to 99° C. Excess of iodine 
shoiild be avoided or dark coloured by-products are produced. 

Phenyldiethylstibine dichloride, U6ll5.Sb(C2H5)2Cl2, is pre])ared 
similarly to the dimethyl compound. It is a colourless oil which cannot 
be distilled without decomposition. The dibromide has similar pro¬ 
perties, but the di’iodide crystallises from benzene as pale yellow 
hexagonal plates, or long prisms from ether, M.pt. 88-5° to 89° C, 

Diphenylmethylstibine dichloride, CH 3 .Sb(C 6 H 5 ) 2 Cl 2 , obtained 
by the direct action of chlorine on the stibinc in carbon tetrachloride 
solution, separates from acetic acid as colourless prisms, M.pt. 144° C. 
The dibromide also crystallises as colourless prisms, M.pt. 148° C. 

^ Matsumiya, Mem. Coll. JSci, Kyoto. 1925, 8, 17. 

2 Worrall, J. Amer. Chem. Soc,, 1930, 52 , 2046. 

® Griittncr and Wiernik, Bcr., 1915, 48 , 1769. 
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Diphenylethylstibine dichloride, C 2 H 6 .Sb(CeH 5 ) 2 Cl 2 , prepared in 
the usual maimer, separates from carbon tetrachloride as colourless 
plates, M.pt. 168° to 164° C., and the dihroniide yields monoclinic 
plates, M.pt. 158° C. 

CoMPOl NDS OF THE TYPES RSbX 2 AND RSbO. 

The jirincipal method of preparing the dihalogcnated compounds 
RSbXg, consists in heating the tertiary stibincs for a prolonged period 
with antimony trichloride at a high temperature in an autoclave : 

RgSb +SbX3-RSbX2 -hRgSbX 
RaSbX + SbXg = 2RSbX2 

Some diaryl compound occurs as a by-product in the preparation. 

Arylstibinoxidcs yield dihalides when their solutions in acetic acid 
are treated with halog(‘n acids : 

RSbO -F2HX = RSbXg + H 2 O 

A modification of this process consists in reducing arylstibinic acids 
and treating the rcduc(‘d product with sodium halide in the presence 
of acid. The method is used for acids containing an amino-group 
substituted in the benzene nucleus, e.g. m-aminophenyldiehlorostibine 
hydrochloride is formed when m-nitrophenylstibinic acid and stannous 
chloride are treated with a cold saturated solution of hydrogen chloride 
in alcohol. To transform this to the di-iodostibine hydriodide, its 
aqueous solution is atddified with hydrochloric acid and treated with 
a solution of sodium iodide. 

Another method of ])reparation ajffords an interesting instance of 
degrading a secondary antimony compound to a primary compound, 
e.g, y^-acetylaminophenyldiehlorostibine hydrochloride 'occurs when di- 
j[>acetylaminodiphenylstibinoxidc in acetic acid is warmed for one 
hour on a water-bath at 70° C., then cooled in i(*e and treated with 
hydrochloric acid (density 1*17) at 0° C. The reaction takes twelve 
hours to complete, but only nine hours if the acetic acid is replaced by 
100 per cent, formic acid : 

[(( H 3 .C 0 .NH.C 6 H 4 ) 2 Sb ]20 -^ 2 CH 3 .CO.NH.C eH4.SbO 

The dichlorostibines containing an amino-group together with an 
hydroxyl or halogen grouping are prepared by the reduction of the 
corresponding nitro-acids. 

All the dihalides are solids, the melting-points rising as the number 
and weight of the substituents in the benzene nucleus increases. Treat¬ 
ment .of their alcoholic solutions with sodium sulphide or hydrogen 
sulphide converts them to sulphides. Chlorine readily adds on to yield 
tetrahalides, which arc transformed by moisture to stibinic acids. 
m-Aminophenyldi(;hlorostibine hydrochloride is slowly decomposed in 
aqueous solution yielding antimony trioxide and m-diaminodiphenyl- 
chlorostibine. 

Oxides of the type RSbO are prepared by the following methods :— 

( 1 ) Arylstibinic acids , in methyl alcohol containing hydrogen 
chloride are reduced by sulphur dioxide in the presence of iodine : 

SOo 

CpH6.SbO2.nH2O CeHp.SbO 

HI 
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( 2 ) An aqueous suspension of a dihalide is treated with aqueous 
sodium carbonate : 

RSb( I 2 + NaaCOg - RSbO + 2 NaCl + COg 

(3) Diarylstibinoxides in glacial acetic acid or 100 per cent, formic 
acid arc degraded to monoaryl compounds when the mixture is heated 
in a carbon dioxide atmosphere ; the same result is attained in methyl 
alcohol-hydrogen (chloride solution. 

( 4 ) Arylaminostibinoxides may be obtained by hydrolysis of the 
dichlorides by sodium or ammonium hydroxide, and also by the nitra¬ 
tion of unsubstituted stibinic acids and subsequent reduction by tin 
and hydrochloric acid in the presence of a(‘etie acid. 

Phenylstibinoxide is the only unsubstituted oxide of its class known. 
Whilst it readily combines with acids, it is almost insoluble in alkali. 
Fuming nitric acid causes it to inflame, and hydrogen sulphide in the 
presence of ammonia converts it into the sulphide. If an arnino-group 
is introduced into the nucleus the product becomes less stable and 
oxidises in the presences of alkali, tartaric acid increasing the rate of 
oxidation ; substitution in the amino-grouj), however, inereases the 
stability. All the rnonoarylstibinoxides are solids. 

Phenyldichlorostibine, Cgllg.SbClg, may be prepared in two 
ways : ( 1 ) Triphenylstibine (30 grams) and 40 grams of antimony 

trichloride with 18 c.c. of xylene are heated together for 75 hours at 
240° to 245° C.^ The reac^tion takes place according to the equations : 

+ SbClg ^ CeHs.SbCl^ + 

(CeH 5 ) 2 SbCl -f SbClg = 2 CeH 5 .SbCl 2 

The dichloride forms about 70 per cent, of the (?rude organic product, 
the remainder being diphcnylchlorostibine (see p. 215). ( 2 ) Phenyl¬ 

stibinoxide in 50 per cent, acetic acid is treated with 5N hydrochloric 
acid. 2 

The dichloride crystallises in shining needles or plates, M.pt. 02 ° C., 
B.pt. 290° C., readily soluble in alcohols, benzene, ether or light 
petroleum. It causes painful wounds on the skin and has a pungent 
irritating odour when warm. When the dry substance is heated on 
the water-bath, antimony trichloride is eliminated and diphenyl- 
chlorostibine produced. An alcoholic ammonia solution of the di- 
chloride when saturated with hydrogen sulphide and acidified with 
hydrochloric acid yields phenylstibinous sulphide.® 

Phenyldi-iodostibine, CgHg.Sblg.^—The oxide in acetic iicid 
solution is treated with hydrochloric acid and subsequently with 
concentrated sodium iodide solution, when the di-iodide is precipitated. 
It may also be obtained by reducing an ice-cold solution of phenyl- 
stibinic acid (10 grams) in 40 c.c. of hydroclilorie acid (density 1*126) 
with 10 grams of stannous chloride in 30 c.c. of hydrochloric acid 
(density 1*126), and adding concentrated sodium iodide solution until 
precipitation is complete. The di-iodide crystallises from acetic acid 

^ Griittner and Wiemik, i?cr., 1915, 48 . 1749; see Morgan and Vining, Trans. Chem. 
Soc., 1920, 117 , 779; Morgan and Micklethwait, ibid.^ 1911, 99 , 2288; HasonbUumer, Ber., 
1898, 31 , 2912. 

* Schmidt, Annalen, 1920, 421 , 219; German Patent, 397458. 

* HasenbUumer, loc. cit 

* Schmidt, loc. cit. 



212 


ORGANOMETALLIC COMPOUNDS. 


in colourless needles, M.])t. 69° C., somewhat soluble in alcohols, acetone, 
car})oii disul])hidc or ctlier. It is fairly stable in air when pure, but if 
iiuj)ur<^ it becomes red, antimony iodide separating out. 

m - Aminophenyldichlorostibine hydrochloride,^ CgH^.NHg. 
SbClg-Hd.- //i-Nilro])henylstibinie acid (60 grams) and 95 grams of 
stannous chloride ar(‘ slowly treated with 260 e.e. of saturated alcoholic 
hydrog(‘n ehlorid(‘, thc' mixture being kept cool. The product separates, 
and is washed with eoneentrated hydrochloric acid and recrystallised 
from acidified methyl alcohol. It forms colourless lu'edles, M.pt. 218° C. 
with d(‘coni])osition.2 It is fairly soluble in water and methyl alcohol, 
ins()lnbl(‘ in acetoiu*, benzene or ether. Its acpicous solution gradually 
decomposes, eliminating antimony trioxide and forming di-?Ai-aminodi- 
phenylchlorostibinc, but the presence of hydrochloric a(‘id somewhat 
chec^ks the decom])osition. When its aqiK^ous solution is saturated 
with hydrogen sulphide, a sulpliide may be pr(‘ci}ntatcd by the addition 
of sodium acetate. 

m-Aminophenyldi-iodostibine hydriodide, Cfill^.NHa v^bljj.HI. 

- An acjucous solution of the chloride is acidified wdth hydrochloric 
acid, then treated with a solution of sodium iodide, the di-iodide 
s(‘])arating as golden-yellow flocks. It nu'lts at 160° C. to a dark red 
li(juid, and is readily soluble in warm alcohol, sparingly soluble in water. 

p-Aminophenyldichlorostibine hydrochloride is obtained by 
the method used for the met a-componnd. It forms colourless crystals, 
M.pt. 122° to 125° C., readily soluble in nudhyl aleohol ; its aqueous 
solution suff(Ts more decomposition than that of the derivative, 
which it resembles in ])ropcrties.*^ 

p-Acetylaminophenyldichlorostibine hydrochloride, (Tlg.GO. 
NH.C\jH4.SbGl2.H(l.H20,^ may be pre])ared in two ways : (1) p-Acetyl- 
aminophenylstibinic acid (50 grams) is stirred into 100 c.c. of ice-cold 
hydrochloric acid (density 1-19), 650 c.c. of glacial acetic acid added, 
followed by an ice-cold solution of 64 grams of stannous chloride in 
150 c.c. of hydrochloric acid (density 1*19) containing a trace of iodine. 
After standing in ice for a few hours the product crystallises out ; it 
is collected, washed with a(*etic acid-concentrated hydrochloric acid 
(1 :1), then with ether, and dried. It forms colourless crystals, sinter¬ 
ing at 125° C, It is not very stable and deeom))Oses on keeping or on 
treating wit h ice-cold methyl alcoliol into p-ac^etylaminophenyldichloro- 
stibine, consisting of fine, colourless crystals, M.pt. 200° C., soluble in 
a large bulk of methyl alcohol. (2) 6 grams of di-p-aeetylaminodi- 
phenylstibinoxide arc dissolved in 60 e.e. of acetic acid and warmed 
on the water-bath at 70° C\ for one hour. The solution is cooled in ice 
and 60 c.c. of ice-cooled hydrochloric acid (density 1-17) added. After 
twelve hours 1-5 grams of hydrochloride are obtained, M.pt. 131° C. If 
the acetic acrid be replaced i>y 100 per cent, formic acid, the reaction 
takes place at room temperatures in about nine hours. 

3 - Amino - 4 - hydroxyphenyldichlorostibine hydrochloride, 
(GflH3.0H.NH2)SbGl2.H(I.—To a solution of 60 grams of stannous 
chloride in 45 c.c. of saturated alc*oholic hydrogen chloride maintained 
at - 5° C\, a solution of 24 grams of 6-nitro-4-hyciroxyphenylstibinic aeid 

1 Compare Schmidt and Hofmann, Rer., 1926, 59 , [B], 555. 

2 Compare German Patent, 268541. 

® Schmidt and Hofmann, loc. cit. 

* Schmidt, Animlen, 1922, 429 , 129. 
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in 60 c.e. of the same solvent is gradually added. When the temperature 
has risen to 22° C. the mixture is placed in ice for two days, when the 
hydrochloride is slowly dc]K)sited. It is <‘ollected, washed with cold 
concentrated hydro(*hloric acid, dried, dissolved in methyl ak^ohol 
and re-precipitated by ether. It melts with deconi])osition at 165° 
to 170° (\, and is converted to the oxide by cold aniinonium hydroxide, 
and to the stibinic acid by hydrogen peroxide in alkaline solution. 

3 - Amino - 4 - chlorophenyldichlorostibine hydrochloride, 
(C(.H;^.NH2.Cl)SbCl2-n(1,^ occurs when 3-nitro-4.-chlorophcnylstibini(^ 
acid and stannous chloride an* treated gradually with alcoholic hydrogen 
chloride. It forms white iu‘cdles, M.pt. 153° C. with decomposition, 
readily soluble in methyl alcohol, the solution yielding 3-amino-4-c/iloro- 
phenijlstihinoxide as a voluminous preeipitalc when treated with dilute* 
ammonium hydroxide. This oxide is more stable than the unchlorinatcd 
oxide ; it is converted to the dichloridc by conerntrated hydrochloric 
acid and to a sulphate by dilute sulphuric acid. 

Phenylstibinoxide, Cgllg.SbO, may be ])repar(‘d in several ways : 
(1) 25 grams of phenylstibinic acid in 100 c.e. of hydrochloric acid 
(density 1-18) are* elilutexl with 200 c.e. of niedhyl ale^e)he)l and 00 c.e. 
oi‘ water. The* mixlurc is ee)olcel in ice, 0-5 gram of se)elium iodiele* added 
anel the liejuid then saturateel with sulphur die)xidc. After several 
hours the whole is ])e.)ure‘el u}K)n ice, anel the e>xiele iiltered off, washe*d 
and elricd.*'^ (2) l)iphe*nylstibinoxielc is boile*d for 20 minutt*s in glacial 
acetic acid se)lution in an atnu^spherc of e*arbon dioxide, anel the mixture 
afterwards e!e)oled and treated with ice-e*e)ld ajiimonimn hydroxide to 
])re‘cipitate the re‘eiuireel oxide. This change also takes })lae*e wheai 
eli})henylstibinoxide is warmed with 100 per cent, formic ae*id at 70° C\ 
Another modilie‘ation of the ])rocess is as follows : 3 grams of di})henyl- 
stibinoxiele in 30 e*.e*. of methyl ale*ohol and 14 e*.c. of saturated jileoholict 
hyelre)gen chloride are be)ilcd in a carbon elioxide atmosphere for 4*5 
hours. After e*ooling the mixture is stirred into iee-e*old sodiuin 
hydroxide, when the impure monoaryl oxide separates. The latter is 
fiiter(*d off, dissolved in ammoniaeal hydrogen peroxide, the solution 
filtered, and the oxide again ])recipitated by acidilication with hydro¬ 
chloric acid.® (3) Phenyldichlorostibine in aqueous suspension is 
treated with acpicous sodium carbonate. 

The oxide is a white voluminous jwwiler, sintering at 153° to 154° C., 
readily soluble in acetic or formic acid, but insoluble in most organic 
solvents. It is })raetically insoluble in alkali, but combines with halogen 
acids. Nitric acid (density 1*49) causes it to inilame. When the 
oxide in alcoholic ammonia is saturated with hydrogen sulphide, acidi¬ 
fication of the solution with hydrochloric, acid precipitates phenyl- 
stibinous sul^Mde, CgHg.SbS, which may be rccrystallised from alcohol, 
and melts at 65° C. Planlyldiehlorostibine yields the sul 2 )hide under 
similar conditions. 

m-Aminophenylstibinoxide, NH 2 .C 6 lI 4 .SbO.—m-Aminophenyl- 
dichlorostibine hydrochloride yields this oxide when hydrolysed by 
aqueous sodium hydroxide ^ or better by ammonium hydroxide.® It 

^ Schmidt, Annalen, 1920, 421 , 231; compare Schmidt and Hofmann, licr.y 1926, 59 , 
[B], 555. 

* Schmidt, Annaleriy 1920, 421 , 217. ® Schmidt, Annaleih, 1922, 429 , 143. 

* Hasenb&umer, Ber., 1898, 31 , 2912. ^ German Patent, 268451. 

* Schmidt, AnnaUn, 1920, 421 , 225. 
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may also be obtained by nitrating phenylstibinic acid and reducing 
the /w-nitro-acid obtained by tin and hydrochloric acid containing a 
little glacial acetic acid.^ The oxide is an amorphous c*olourless 
powder, sintering at about 170° C., easily soluble in dilute acids, and 
irom sulphuric acid solution alcohol precipitates a sul])hatc. In alcohol 
it is sparingly soluble, but it may be dissolved in a large bulk of methyl 
alcohol. Treatment with dilute alkaline hydrogen peroxide, followed 
by hydrochloric a(*id, precipitates a substance which probably has the 
constitution HCl.NH 2 .C«H 4 .SbOCl 2 * The oxide tends to oxidise 
furtluT in the presence of alkali, and if tartaric acid also be present 
the rate of oxidation increases. It appears to exist also in a hydrated 
form, and the antimony content therefore varies in different preparations. 

p-Acetylaminophenylstibinoxide, CIl3.C0.NH.C6ll4.Sb0.Il20,^ 
occurs when p-aeetylaminophenyldichlorostibine hydrochloride in ice- 
(*old methyl alcohol is treated with normal ammonium hydroxide. 
It is an amorphous powder, sintering at about 180° C., slightly soluble 
in methyl alcohol or ac*etic acid, and when freshly preci})itatcd dis¬ 
solve's in water, cs[)ecially in the presence of sodium hydroxide. 

p-Tolyldichlorostibine, Cll3.C6H4.SbCl2.^ —Tri-p-tolylstibinc (10 
grams) and 12 grams of antimony trichloride in xylene solution are 
heated together for 48 hours at 245° C. The reaction mixture is then 
distilled in carbon dioxide, the dichloridc being obtained as a crystalline 
solid, M.pt. 93-5° ('., B.pt. above 360° C. It yields a tetrachloride, 
oxide and sul])hide. 

Mono-biphenyldichlorostibine,^ 



A mixture of 10 grams of tri-biphcnylstibine and 8 grams of antimony 
trichloride in 25 e.c. of xylene is heated at 220° to 240° C. in a sealed 
tube for 100 hours. The pasty product is filtered by suction and w^ashed 
wnth cold benzene, about 9*6 grams resulting. The black filtrate con¬ 
tains an appreciable amount of diphenyl, and is a mixture of two 
substances difficult to separate. It is dissolved in hot benzene and 
filtered while warm, the filtrate depositing crystals on standing, which 
are removed and the new filtrate concentrated until a new cro]) of 
crystals forms. Each crop is dissolved in warm benzene and the 
process repeated a number of times. Eventually the mixture is 
separated into two portions, the less soluble portion consisting of needle¬ 
like crystals and the main part of lustrous plates. Slightly more than 
0*5 gram of di-biphenylchlorostibine and 2 grams of mono-biphenyl- 
dichlorostibine are isolated. The latter forms lustrous white plates 
from benzene, melting with previous sintering at 132° to 133° C. The 
vapours of the hot substance are irritating to the throat, while the 
skin of the face is slightly sensitive to the solid itself. 

Mono-biphenylstibinoxide, CeH5.CgH4.SbO, is prepared from the 
dichloride by the action of alcoholic ammonia. It softens above 
155° C., melting slowly at 159° to 160° C. 

^ May, Trans. Chem. Soc., 1912, loi, 1033; German Patent, 268451. 

® Schmidt, Annahn, 1922, 429 , 130. 

* HasenbUumer, 2?er., 1898, 31 , 2914. 

^ Worrall, J. Amer. Chem, Soc,, 1930, 52 , 2046. 
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Compounds of the Types RgSbX and (R2Sb)20. 

Unlike the secondary arsines, only derivatives of secondary stibines 
arc known, the parent products RgSbll not having been described to 
date. The halides are prepared by iiidirec^t means by the following 
methods:— 

(1) Triarylstibines are heated with antimony trichloride in an auto¬ 
clave at a high temperature for a prolonged period : 

RgSb -f SbCla - RgSbCl -f- RSbC^ 

(2) Triacetamidotriarylstibines in ice-cooled methyl alcohol are 
treated with aleoholic hydrogen chloride, rliaeetamidodiaryhdiloro- 
stibine hydrochlorides being obtained. 

(3) ArylatTiinodichlorostibinc hydrochlorides arc boiled with water, 
tlic antimony trioxide removed, and hydrochloric acid added. 

(4) Triarylstibine dihalides when heated under reduced pressure 
(5 to 7 mm.) eliminate aryl halide: 

RgSbXg^RaSbX-hRX 

All the halogen c?ompoimds of the type RgSbX are solid and fairly 
stable, the stability decreasing in the presence of substituted amino- 
grouj)s. The chlorides combine with chlorine yielding diarylstibinic 
chlorides, RgSbCIa, which on hydrolysis give diarylstibinic a(*ids. 

The diarylstibinoxidcs, (R2Sb)20, have been isolated in a variety 
of ways, the investigation up to the }>resent having been conlined to 
phenyl compounds and their amino-substitution products: 

(1) A triarylstibine in methyl alcohol containing hydrogen chloride 
is boiled under reflux in a carbon dioxide atmosphere, then treated 
with dilute ammonium or sodium hydroxide. 

(2) A dry rnonoarylstibinoxide is heated at 100° ('. in an atmo¬ 
sphere of carbon dioxide : 

4RSbO = (R2Sb)20 SbgOg 

(3) A rnonoarylstibinoxide in acetic acid containing 20 per cent, 
tartaric acid is allowed to stand for a long period, the resulting ])roduet 
dissolved in methyl alcohol and treated with dilute ammonium hydroxide. 

(4) Diaryhihlorostibines are digested with aqueous sodium carbonate. 

(5) Diaminodiaiylstibinic acids in methyl alcohol solution are reduced 
by sulphur dioxide at a temperature not exceeding 25° C., and, after 
treatment with warm hydrochloric acid and dilution, the mixture is 
filtered and sodium hydroxide added in the presence of ice. 

(6) Diaminodiarylstibinous hydroxides are isolated by reducing the 
corresponding dinitrodiarylstibinic acids by tin and hydrochloric acid 
or zinc dust and ammonium chloride. 

The secondary arylstibinoxides are solids which do not possess 
very definite melting-points. Treatment with acids yields the corre¬ 
sponding salts, and hydrogen sulphide (lonverts them into the corre¬ 
sponding sulphides. Diphenylstibinoxide is reduced by hypophos- 
phorous acid to tetraphenyldistibine. 

Diphenylchlorostibine, (CflH5)2SbCl, occurs to the extent of about 
80 per cent, when triphenylstibine and antimony trichloride are heated 
together in xylene solution at 250° to 280° C. in the proportions given 
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under phenylstibiiie dieliloride (p. 211). The higher-boiling Iraeiion 
obtained when the reaction niixturc is distilled under reduced })re.ssure 
contains the diphenylchlorostibine.^ The reaction is best carried out 
in the rotating autoclave about to be d(‘serib(*d.“ 

"I'iie rotating autoclave shown is a v(‘ssel ibrined by boring out the 
steel core of a G-ineh high-explosive shell until the thickness of the 
wall was about 1-9 cm. The steel cover, which is of similar thickness, 
is fastened down with twelve bolts and reiuh'red gas-tight with a lead 
washer. The (*over carries a powerful adjustable spring safety-valve, 

a steel thermometter tube |)rojeeting 
into the cavity of the autoclave, and 
a hollow steel tube* carrying an all-steel 
])ressure gauge, which communicates 
with th(‘ interior of the vessel by means 
of a narrow-bored steel tube di{)ping 
into and protected by a cojic(‘ntric steel 
case partly (ill(‘d wnth heavy oil, and 
having a small aperture at its upj)er end 
for admitting the compressed gases from 
the autoclave. The |)ressure-gauge* tid)c 
is tixed in the centre of the cover and 
fitted wdth a ])ullcy, so that it also serves 
as the axle of rotation for the autoclave, 
which is su])})orted and s])un in an 
inclined j)()sition. The vessel used in 
the foregoing })r(‘paration had a working 
capacity of 1 litre. A glass lining blown to lit into the cavity of the 
autoclave w'as em})Ioyed in lieu of an enamell(*d lining. 

The comi)ound forms white crystals, M.pt. 08° G., solubk^ in alcohol, 
ether or benzene, insoluble in w^ater and not hydrolysed by this solviml. 
It combines directly with chlorine, yielding di’phen^dstibinie chloride*. 

Di-m-aminodiphenylchlorostibine dihydrochloride, (C6H4. 
NHg.IlCOgSbCl.^—8 grams of w-aminophenyldic*hlorostibinc hydro¬ 
chloride arc boiled for one hour with 500 (;.c.*of water, antimony tri¬ 
oxide separating out. The latter is nnnoved, the filtrate* evaporated 
and the residue taken up in a little water. After again liltering, liydro- 
chlorie acid is added, the dihydroehloride separating as colourless 
needles (3-7 grams), M.pt. 215° C. with decomposition.^ It readily 
dissolves in water, and alkali precipitates the hydroxide. 

Di-p-acetylaminodiphenylchlorostibine hydrochloride, (CH.j. 
C O.NH.G^.Il 4 ) 2 SbCl.HCL®—4 grams of tri-p-acetylaminotri])henylstibinc 
(M.pt. 205° G.) are suspended in a little methyl alcohol, cooled in ice, 
and al(‘()holic hydrogen chloride added in excess. Fine crystals slowly 
se])arate and are collected after several hours, washed" with dilute 
ahioholic hydrogen chloride and dried. 3 grams of substance arc 



^ GriUtner and Wit^rnik, Ber., 1915, 48 , 1749; see May, Trans. Chem. Hoc., 1912, loi, 
10.13; Morgan and Micklcthwait, ibid., 1911, 99 , 2286; Michaelis and Giinther, Bar., 1911, 
44 , 2318; HasenMumer, ibid., 1898, 31 , 2910; Michaelis and Reese, Annaleii, 1886, 233 , 

57. 


Morgan and Vining, Trans. Ghem. Hoc., 1920, 117 , 777. 

® Schmidt, Anmlen, 1920, 421 , 239. 

* See Morgan and Micklethwait, Trans. Cham. Hoc., 1911, 99 , 2296; Proc. Chem. Hoc. 
2 , 28 , 20 . ’ 

® Schmidt, Annalen, 1922, 429 , 136. 
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obtained, M.pt. about 135° C., soluble in a large bulk of methyl 
alcohol. Th(^ product is not stabl(‘, the hydrochloric acid })resent 
slowly hydrolysing the acetyl grouj) even in closed vessels.^ The 
corresponding hroNw-htjdrobromide is obtained in a similar manncT. 

Diphenylstibinoxide, [(C'ellrJg^^bJoO, may be prepared in several 
ways; (1) Triphenylstibine (9 grams) with 150 c.t;. of methyl alcohol 
and 30 c.c. of saturated alcoholic hydrogen (‘hloridc is boiled for one 
hour undc.T reflux in a stream of (‘ar])on dioxide. The whole is then 
cooled in ice and treated with an excess of dilute sodium hydroxide*, 
when a milky separation of oxide occurs. This is extracted with ether, 
the aqueous alcohol solution containing a little dipheiiylstibinie a(*id. 
Evaporjition away of the ctlu‘r gives a good yield of the oxide as an 
oil, which is (Tvstallised from alcohol.*'^ (2) Dry phenylstibinoxide is 
heated on a boiling water-bath in a carbon dioxide atmosphere for 
four hours. The product is then extracted with warm alcohol to 
remove antimony trioxide, slow evaporation of the extract yi(‘lding 
thick shining crystals of tlu^ oxide.(3) 5 grams of j)henylstibinoxide 
in 50 c.c. of acetic aend are treated with 25 (*.e. of 20 per cent, tartaric 
acid. After long standing, crystals separate, M.pt. 132° C., which 
appear to be the tartrat(^ These are dissolved in methyl alcohol and 
dilute ammonium hydroxide stirred in, a milky preci])itate of the 
oxide separating and slowly solidifying. (4) Diphenyl(‘hlorostibine is 
digested with aqueous sodium carbonate.'* 

The oxide forms colourless crystals, M.pt. 78° to 80° C. When 
dissolved in ac(^tic acid ajid treated M'ith hydrochloric acid (density 
1*18), it yields diphcnylehlorostibine, M.pt. 08° (\ It is reduced by 
hypo})hosphorous a(‘id to tetraphenyldistibine, (CjjIl 5 ) 2 Sb.Sb(C 6 ll 5 ) 2 , 
a yellow compound. Nitric acid r(‘aets violently witJi the oxide. 
Hydrogen peroxide in alkalinc-al(‘oholie solution converts it to di- 
})henylstibinic acid. 

m-Diaminodiphenylstibinoxide,^ 

>Sb -o—Sb/ 

1I2N.(,IV \\H,.Nll2 

The hydrochloride from m-diamiiiodiphenylstibinic acid (43 parts) is 
dissolved in 300 parts of warm methyl alcohol, the solution cooled and 
saturated with sulphur dioxide at a temp(*rature not exceeding 25° C. 
After standing for some hours, 20 parts of hydrochloric acid (density 
1*123) followed by 100 parts of water are added and the mixture filtered 
from by-})i’oducts. The oxide is preci])itated from the filtrate by 
rendering it alkaline with sodium hydroxide in the ])resenee of i(*e. 
The product is a slightly coloured powder, sintering at about 70° C., 
and having an irritant action on the mucous membrane of the nose. 
It reduces Tollen’s reagent and is insoluble in alkali. 

Di-m-aminodiphenylstibinous hydroxide, (C6Tl4.NH2)2SbOH,® 
occurs when the corresponding stibinous chloride hydrochloride in 

^ Compare Cermaii Patent, 397079. 

2 Schmidt, loc. cit. 

® Schmidt, Anrialen, 1920, 421 , 234; German Patent, 389161. 

^ Michiielis and Gtinther, Ber., 1911, 44 , 2318. 

® German Patent, 269206, 

® Schmidt, loc, cit,; see Morgan and Micklethwait, Proc, Chem. Boc,, 1912, 28 , 20. 
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aqueous solution is treated with alkali, or by reducing 3 : 3"-dinitro- 
diphenylstibinic acid with tin and hydrochloric acid or zinc and ammo¬ 
nium chloride. It is a c!aseous, colourless precipitate, soon becoming 
hard. It sinters above 70° C., and is soluble in alcohol or acetone, 
sparingly soluble in ethyl acetate. 

Di-p-acetylaminodiphenylstibinous hydroxide, (CH3.CO.NII. 
C3H4)2Sb0H.l*5H20.^—Di-p-acetylaminodiphenylehlorostibinc hydro¬ 
chloride suspended in methyl alcohol is treated with 5N sodium 
hydroxide solution until the mixture is alkaline. Water is added until 
a permanent turbidity occurs, the mixture filtered and placed in ice, 
when the hydroxide separates. It forms small, (colourless crystals, 
melting at about 130° C., fairly soluble in methyl alcohol, sparingly 
soluble in ethyl alcohol. A more recent method of preparation ^ consists 
of boiling a sus])e!ision of di-p-acctamidodiphenylchlorostibine hydro¬ 
chloride (10 grams) in 1000 c.c. of 0*005A sodium hydroxide solution 
for one hour. The product intumesces at 128° C. In acetic or formic 
acid solution the hydroxide decomposes with formation of p-acetyl- 
aminostibinoxide. 

Diphenylstibinous acetate, (C 6 H 5 ) 2 SbO.CO.CH 3 .—When diphenyl- 
stibinoxide is dissolved in a little hot glacial acetic acid and the solu¬ 
tion cooled, the acetate crystallises as shining, colourless needles, M.pt. 
132° C., readily soluble in warm methyl alcohol, hydrolysed by water. 

Diphenylstibinous sulphide, [(C 6 H 5 ) 2 Sbj 2 S.®—The oxide in alco¬ 
holic solution is treated with hydrogen sulphide and the solution 
evaporated. The sulphide forms long white needles, M.pt. 69° C'. 

Di-p-tolylchlorostibine, (CH3.CeH4)2SbCl.^ Tri-p-tolylstibine di- 
chloridc (2 grams) is heated under 5 to 7 mm. pressure, p-chlorotoluene 
distilling at 60° to 65° C. and the chlorostibine at 160° to 200° C. in 
almost quantitative yield. After washing with light petroleum and 
alcohol the stibinc is obtained as a white solid. 

Di-p-tolylbromostibine, (CH 3 .CgH 4 ) 2 SbBr, is obtained in a 
similar manner to the chloro-compoimd. It is a pale cream substance, 
M.pt. above 290° C., sparingly soluble in organic solvents. 

Di-p-tolyliodostibine, (CH 3 .C 3 H 4 ) 2 SbI, is a white solid, M.pt. 
233° C., almost insoluble in cold organic solvents, but soluble on 
warming, 

Di-biphenylchlorostibine,® (C 6 H 6 .C 6 H 4 ) 2 SbCl, may be obtained 
as described under mono-biphenyldichlorostibine (p. 214) or by heating 
tri-biphenylstibine diehloride above its melting-point. The yield by 
the latter process is very small, since decomposition occurs, a good 
yield of 4-chlorodiphenyl resulting. The chlorostibine separates from 
benzene in aggregates of small needles, softening gradually above 
150° C., and melting at 187° to 188° C. 

Di-biphenylstibinoxide, [(CeH6,C3ll4)2Sb]20, is a white, crystal¬ 
line powder, melting at 120° to 121° C. with previous sintering, and 
obtained from the foregoing chloride by the action of alcoholic ammonia. 

^ Schmidt, Annalen, 1922, 429 , 137. 

* Morgan and Cook, J. Chem, /Soc., 1930, p. 741. 

® Michaelis and Gunther, loc, cit. 

* Goddard and Yarsley, Tram. Chem. Soc., 1928, p. 720. 

^ Worrall, J. Amer. Chem. Soc., 1930, 52 , 2046. 
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Compounds of the Types RSbCl4 and RgSbClg. 

The tetrachlorides, RSbC^, were amongst vsome of the earliest 
aromatic antimonials obtained, owing to the fact that they are simple 
chlorine addition products of the aryldichlorostibines. The methods 
of preparation arc as follows :— 

(1) By the further chlorination of compounds of the type RSbClg : 

RSbCl2 + Cl2 = RSbCl4 

(2) By the action of concentrated hydrochloric acid upon aryl- 
stibinic acids. 

The compounds arc decomposed by water, yielding arylstibinic 
acids, and are solids melting with decom])osition. When arylstibinic 
acids in concentrated hydrochloric acid are treated with acpieous 
ammonium chloride solution saturated with hydrogen chloride, double 
salts of the type (RSbCl 5 )NH 4 are produced, associated with varying 
amounts of water. Such compounds arc liydrolyscd by water to 
arylstibinic acids. Similar types of salts are obtained with aniline and 
similar amines, also with pyridine and quinoline. 

The trichlorides, RgSbClg, are isolated by the following methods :— 

(1) Diarylchlorostibines are treated with dry chlorine : 

R2Sb(’l+Cl2=R2SbCl3 

(2) By treating diarylstibinic acids with concentrated hydrochloric 
acid. 

(3) The type RgSbClg occurs as a by-product, together with the 
triarylstibine diehloride, wlien triarylstibincs are prepared by the 
Fittig reaction. 

(4) Triarylstibincs in acetone are treated with a boiling mixture 
of water and 5N sodium hydroxide solution, followed by G per cent, 
hydrogen peroxide. The precipitate then formed by the addition of 
dilute sulphuric acid is converted to the trichloride by hydrochloric; acid. 

The (liarylstibinic chlorides are susceptible to moisture, benng 
hydrolysed to diarylstibinic acids. 

Phenylstibinic chloride, Ceilg.SbC^, may be obtained by saturat¬ 
ing a cold ether solution of phenyldichlorostibine with chlorine and 
evaporating the solution,^ or by treating phenylstibinic acid with 
con(;entrated hydrochloric acid and evaporating the solution on the 
water-bath.2 It forms very hygroscopic crystals, M.pt. 60° to 65° C., 
easily soluble in ether, benzene, hot chloroform or hydrochloric acid. 
It is hydrolysed to the stibinic acid by water, and gradually decomposes 
on keeping or rapid heating, yielding diphenylstibinic chloride and 
antimony trichloride. 

When a hydrochloric acid solution of phenylstibinic acid is treated 
with a saturated hydrochloric acid solution of ammonium chloride, a 
yellow precipitate of ammonium phenyl chloroantimonate separates. 
This is washed free from ammonium chloride by concentrated hydro¬ 
chloric acid and dried. It is a pale yellow voluminous powder, M.pt. 
above 260° C., stable in air and decomposed by water, yielding phenyl¬ 
stibinic acid. It has the constitution (CeH 5 .SbCl 5 )NH 4 , and similar 
salts may be obtained with aniline, dimethylaniline, pyridine, quinoline, 

^ Haaenbaumer, JSer., 1898, 31 , 2913. 

‘ Schmidt, AnneUen, 1920, 421 , 199. 
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dicyaruliamidine and ^nanidinc ; urea gives a colourless precipitate, 
cthylaininc and allylaniinc Taint yellow precipitates, inethylaminc a 
colourless prcci])itate soon becoming yellow, and urethane an oil. 

o-Nitrophenylstibinic chloride, N02.C(jH4.SbCl4. - o-Nitrophenyl- 
stibinic acid in methyl alcohol is treated with concentrated hydrochloric 
acid, the oil which separates soon solidifying to crystalline plat(‘s. 
I'hesi^ melt at 127° C., and arc easily soluble in alcohol or ether. The 
chloride is slowly decom])osed by water, which preci])itat(‘s yellow 
Hocks of the stibinic acid from alcoholic^ solution. 

m-Nitrophenylstibinic chloride, NOg*^ 6H4.SbCl4.H2O, crystal¬ 
lises from a solution of ///-nitrophenylstibinic acid in warm hydrochloric 
acid (density 1*18). It sinters at about 00° C*., and when kef)t in a 
vacuum desiccator for 14 days the melting-point rises to about 140° V, 
It is fairly soluble in ether or alcohol, and with water yields the stibinic 
acid. The mnmonium doubles(dU (N()o.CoH4.SbCl5)NIl4.JllgO, prepared 
in the same wav as the corresjionding phenyl eompouiul, sinters above 
285° 

m-Aminophenylstibinic chloride hydrochloride, (Nllg.HCl) 
Cf,!I4.8bCl4.111120, occurs when /a-aminophcnylstibini(‘ acid is treated 
with concentrated hydrochloric acid. It forms colourless crystals, 
blackening above 190° C., readily soluble in water or alcohol. 

p-Aminophenylstibinic chloride hydrochloride, (Nllg.lUU) 
('(.Il4.SbCl4.1^1120, is prepared by stirring a moist j)astc of p-amino- 
phenylstibinict acid with ice-cooled hydrochloric acid (density 1*19). 
It is a pal(i yellow powder, melting with decomposition at about 155° C!., 
readily soluble in water or alcohol. Wlum heated for half an hour on 
the water-bath in dilute acpieous solution, most of the antimony is 
(‘liminated, but this ehangc docs not take place with //i-aminophcnyl- 
stibinic acid.^ 

p-Chlorophenylstibinic chloride, ClC6H4.SbCl4,2 is a yellow, 
crystalline substance, deliquescent in air. When jy-chlorophenylstibinic 
acid in concentrated hydrochloric acid (density 1*120) is treated with 
a saturated solution oJ‘ ammonium chloride in hydrochloric acid, a 
(*itron-y(41ow precipitate of ammonium p-chlorophenifl chloroantimonale, 
(ClC(,ll4.SbCl5)N 114.^1120, is obtained. This is unchanged at 250° C., 
forms a coloi^rlcss solution in methyl alcohol and is hydrolysed by water. 

m-Nitro-p-chlorophenylstibinic chloride, N 02 .Cl.C 6 H 3 .SbCl 4 . 
5H2O, obtained in the usual way, forms colourless crystals which melt 
at 80° (!. when dried in air. It is fairly soluble in ether, readily soluble 
in warm chloroform, insoluble in benzene, and hydrolysed by water. 
When the pentahydratc is dried in a vacuum, four molecules of water 
are driven off, the resulting monohydrate sintering at 122° C. The 
double salt with ammoniufn chloride is a colourless compound having 
the composition (N02.Cl.C6H3.SbCl4)2NH3.8H20. It is soluble in 
alcohols and ether, decomposed by water, and unmelted up to 220° C. 

Diphenylstibinic chloride, (C6H5)2SbCl3.H20, may be prepared 
in several ways : (1) It crystallises out when a hot solution of diphenyl¬ 
stibinic a(!id in dilute hydrochloric acid is cooled.® (2) Antimony tri¬ 
chloride (48 grams) and 48 grams of chlorobenzene are dissolved in 150 
to 200 c.c. of dry benzene and added to 20 grams of sodium which has 

^ Schmidt, AnnaUn, 1922, 429 , 146. 

2 Schmidt, Annalen, 1920, 421 , 207. 

^ Schmidt, AnnaU% 1920, 421 , 286. 
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been granulated under toluene. If the reaction does not start spon¬ 
taneously, the mixture is gently warmed. After 24 hours the mixture 
is filtered, the filtrate evaporated and the residual oil triturated with 
alcoholic liydrochloric acid until it solidifies, the solid then being dis¬ 
solved in the minimum cpiantity of boiling aleohol. On cooling, most 
of the triphenylstibine dichloride crystallises out, and eone(*ntration of 
the mother liquors yields impure diphenylstibinic chloride. This is 
purified by extraction with liot dilute hydrochloric acid, tlie acid 
solution when filtered from triphenylstibine diehloride giving colourless 
(crystals of the required chloride. The yield varies from 11 to 10 ])er 
cent, on the weight of antimony trichloride.’ (3) Uii)h(uiyl(4iloro- 
stibinc is treated with dry (‘hlorine and the resulting jirodiiet reerystallised 
from dilute hydrochloric aeid.^ (4) It occurs as a by-product when 
mercury di])henyl and antimony trichloride are heated togetlier in a 
s(‘al(‘d tube in xylene solution at 130"' C.'^ 

The chloride crystallises in needles, M.j)t. 176° C., soluble in alcohol 
or dilute hydrochloric acid, insoluble in wat(‘r. Alcoholic silver nitrate 
converts it into a basic nitrate^ consisting of (*olourless needles, decom¬ 
posing at 200° C. 

mm' - Diaminodiphenylstibinic chloride dihydrochloride, 

(C6H4.NH2)2SbCl3.2lIC1.2ll20, is obtained as a fine, eiystalline ])re- 
ei])itate, obtain(‘d when an excess of hydrochloric acid is added lo 
//i/>/'-(iiaminodiphenylstibinie. acid. It does not melt at 250° C, and 
dissolves only slowly in cold water, nior(‘ readily on heating. 

Di-p-tolylstibinic chloride, (CV,H4.CIl3)2SbC I3. - A solution of 
0 grams of tri-p-tolylstibinc in acetone is gradually added to a boiling 
mixture of 113 c.e. of water, 37 c.c. of 5N sodium hydroxide and 
22*5 c.e. of 0 per cent, hydrogen peroxide. Any precipitate which is 
formed is removed and dilute sulphuric acid added. The white volum¬ 
inous pre(‘i|)itate which results is reprecii)itated, first from 5N hydro¬ 
chloric aci(l as the pyridine double salt and then i'rom dilute sodium 
hydroxide by means of dilute acetic acid. It is then dissolved in 
moderately (;on(*entrated boiling hydrochloric acid and the solution 
evaporated to small Indk. Colourless needles of the trichloride separate, 
which crystallise from benzene as colourless plates, sintering at 130° C. 
and melting at 141° to 142° C.^ 

3 : 3' : 5 : 5'-Tetrachloro -4:4'- dianisylstibinic chloride, 

((Tl3().C6ll2Cl2)2SbCl3.^—Chlorine is passed into one part of tri- 
p-anisylstibine in fifteen parts of dry chloroform. The solvent is 
removed and the residue dissolved in benzene, from which the trichloride 
slowly separates. The whole operation must be conducted in a dry 
atmosphere owing to the susceptibility of the product to moisture. 
The chloride forms colourless crystals, M.pt. 184° C., readily soluble in 
chloroform or ether, sparingly soluble in alcohol or benzene, insoluble 
in light petroleum. 

Di-biphenylstibinic chloride,® (C6H5.CeH4)2Sb( I3, isolated by the 
action of chlorine on di-biphenylchlorostibine in (chloroform solution, 

^ Morgan and Micklothwait, Trans. Chem. Soc.t 1911, 99 , 2286; see Michaelis and Reese, 
Annakn, 1886, 233 , 58. 

2 Michaelis and Giinthcr, Ber., 1911, 44 , 2319. 

® Hasenbauracr, Ber., 1898, 31 , 2911. 

* Goddard and Yarslev, J. Chem. Soc., 1928, p. 719. 

6 Loloff, Ber., 1897, 36 , 2834. 

« Worrall, J. Amer. Chem, Boc., 1930, 52 , 2046. 
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forms pale yellow flat needles, softening above 200° C. and melting 
at 210° C. 

Primary Arylstirintc Acids. 

The production of many of the compounds under this heading has 
been made possible only owing to the discovery that antimony can be 
iiflroduced into the benzene ring by use of the diazo-reaetion. The 
older method consisted in the hydrolysis of arylstibinic chlorides, but 
to obtain the latter it is first necessary to prepare the triaryIstibine 
and subject it to “ dcarylation.” This process, apart from being long 
and tedious, does not give particularly good or consistent yields. The 
following scheme shows the main primary arylstibinic acids know'n 
(excluding condensation products), X denoting the grouping 
-Sb()(OH)2. 



* denotes Cl, Br or I, 

The preparation of these derivatives may be accomplished as 
follows :— 

(1) By the hydrolysis of arylstibinic chlorides : 

RSbCla —► RSbCl^ —► RSbO(OH)2 
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(2) Monoaryldichlorostibines in alkaline solution are treated with 
hydrogen peroxide. 

(3) By the use of the diazo-reaction. In this connection Schmidt ^ 
considers that antimony trioxide must act as antimonious acid when 
taking part in this reaction and may exist in tautomeric forms as 
shown by 

/OH yO 

Sb A)H ; H—Sb^OH 

\OH \OH 

If the reaction between the diazo-compound and the antimony oxide 
took the normal course as in the case of arsenious oxide,the following 
scheme would represent the formation of arylstibinic acids : 

yOH 

RN : NX + Sbf^OH ^ RN : N.O.Sb. 

\01l \OII 



.Oil .OH 

RN : N.O.Sb<; —> RSb<; 

\OH II \OH 

O 


It is possible to have another representation of the last phase of this 
reaction : 

.OH .OH 

RN : N.O.Sb< —^ R.O.Sb< +No 

\)H \0H 


but this may be ruled out as untenable since the resulting })roduct 
would be an ester of antimonious acid, and such products are not 
stable in the })rescncc of water.^ Supposing that the antimony changes 
to the pentavalent condition during the reaction, the scheme might 
be represented in the following manner : ^ 


yOH 

RN:NX+Sb^OH 

\OH 


yOH 

—> RN : N—Sb^OH 

x/ 


/OH 

HN : N—Sbyil 
\OH 


/Oil 

RN : N—Sb^^H + HX 


/OH /OH 

RN : N—Sb^OH —^ RSbyiH + N» 

\o ^O 


According to this representation a diazostibinic acid is produced, 
simple evolution of nitrogen then giving the stibinic acid. Such a 

^ Schmidt, Annahn, 1920, 421 , 174. 

2 See this Vol., Part II, pp. 164, 155. 

® Mackey, Trails. Chem. Soc., 1909, 95 , 604. 

* Compare Christiansen, “ Organic Derivatives of Antimony,” Chem. CeUcUog. Co., 1925, 
pp. 66 , 67. 
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product would also be obtained if the tautomeric form of the anti- 
monious acid is involved : 

yOll Am 

RN : NX I II Sb^OH > RN : N -Sb Oil + IIX 

O O 

/Oil /Oil 

RN : N—SlA OII V HSb^ OH +N., 

O O 

As is oft(‘n the ease wlien usin^ the diazo-reaetion, eaeh eompoimd 
requires its own s])eeial eonditions of ])re]>aration, and acid, neutral or 
alkaline, media are enqdoyed to suit the speedie eas(‘ under investiga¬ 
tion, and oeeasionally a catalyst is benelieial for facilitating the evolu¬ 
tion of the diazo-nitrogen. llie antimony is sonu‘tim(‘s introduced in 
the form of tartar emetic, or doul>le compounds of aryl diazonium 
chlorides with aidimony triehlorid(5 may be treated with sodium 
hydroxide. A variation of t he latter ])roee(iure consists of mixing the 
amine in liydroehlorie ac*id with antimony tiiehloride in the same solu¬ 
tion, diazotising tlie mixture, then rendering it alkaline. Nitroaryl- 
stibinie acids an* ])re])ared by diazotisation of nitroarylarnines or 
direct nitration of arylstit)inie acids, when the nitro-group enters the 
ring in tlie /7n’/f/-position to the antiTuony. R(‘(luetion of the nitro- 
aeids by ferrous hydroxide or titanous (‘Idoride yields the eorres])onding 
aminoarylstibinie acids. Tlie latter may be ae(‘tylate(i, diazotis(‘d or 
condensed with such sul)st.anc*(‘s as ethyl ehloroearbonate or benzene 
sulphonie chloride in the usual manner. The acids RSbO(OH )2 are 
usually amor])hous products, having no melting-])oint. They dissolve 
in alkalis, but are insoluble in water; they yi(‘l(l salts with the heavy 
metals. Th(\y are arnphoterie, dissolving in concentrated hydrochloric 
acid to afford arylstibinie chlorides. Reduction may lead to stibinous 
oxides or stibino-eompounds, the ultimate product depending upon the 
reducing agent employed. 

The formula* assigned to the arylstilanie acids have given rise to 
<*onsid('rable discussion. This is due to the fact that the products may 
be isolated with varying degrees of water of hydration, the amount 
dej^ending u})on the method of ])r(‘paration and the eonditions of drying 
the acids. Those which are formed by th(* hydrolysis of arylstibinie 
chlorides retain more water than those isolated by "the acidification of 
solutions of alkali arylsiibinates. Phenylstibinie a(*id is represented 
by the formula* [;3(CeIl5Sb02)H2()].2H20 and [aCeHgSbOg.HaOJ.^HaO, 
since two or three molecules of water may be removed by drying in 
a vacuum over sulphuric acid, whereas the last molecule requires a 
high temperature for its removal. The action of the acid towards 
alkali also supports this formulation, since Schmidt observed that it 
will dissolve completely in one-third of a molecular equivalent of sodium 
hydroxide and that the resulting solution, although at first neutral to 
phenolphthalein, gives an acid reaction on standing and requires further 
addition of alkali for neutralisation ; this addition may l)e continued 
until one molecular equivalent of alkali has been added, when no further 
change takes place, this pointing to the operation being one of hydra¬ 
tion of the antimony atoms, during which the complex molecule is 
dissociated into the phenyl derivative of orthoantimonic acid. The 
foregoing observations on hydration arc also repeated with potassium 
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hydroxide, but less readily with lithium hydroxide.^ The phenomenon 
is noted also in the case of pyroantimonic acid ,2 which, on neutralisation 
with sodium hydroxide, using phenolphthalein as indicator, becomes 
acid again on standing or boiling. This is due to the formation of acid 
sodium orthoantimonate ; when the pyro-acid is completely converted, 
no further change takes place. A number of hydrates is also known 
to exist in the case of antimonic oxide, the final product depending on 
conditions of previous drying and method of hydration.* 

The arylstibinic acids also possess the properties of colloids, similar 
to the (^ase of the tri- and tetra-hydrates of antimony pcntoxide.^ 
An alkaline solution of a stibinic acid, when titrated with a mineral 
acid, soon becomes turbid, and when sufficient acid has been added 
to neutralise the whole of the alkali present, the turbidity becomes 
more marked. According to Schmidt the turbid solutions possess the 
properties of hydrosols, and an excess of acid is required to precipitate 
the colloidal acids from the turbid solutions. 

The formation of complexes takes place with all primary aryl¬ 
stibinic acids, the substituents in the ring exerting an effi^ct on the 
nature of the final product. 

Macallum * does not agree with Schmidt’s conception of the formulae 
for primary arylstibinic acids, but sup])orts the simple formula, 
C’ 6 ll 5 .SbO(OH) 2 , his ideas being based upon molecular weight deter¬ 
minations, but until further work has been done it would be unwise 
to give a verdict on this view. 

Phenylstibinic acid, [3(CgH5Sb02)H20].nIl20 or [.^(CeHgSbOg) 
2ll20].nll20, may be prepared in several ways : (1) From antimony 
trioxide and benzene diazoniurn chloride in the presence of alkali. 
The crude product is purified by (ionversion into ammonium phenyl 
chloroantimonate (p. 219), which is then hydrolysed by water.® (2) 
From the double compound of antimony trichloride and benzene 
diazoniurn chloride by the ac^tion of alkali.*^ {H) 93 grams of aniline 
are dissolved in 1000 c.c. of water and 147 grams of sulphuric acid and 
diazotised by 71 grams of sodium nitrite. A solution from 140 grams 
of antimony trioxide in 764 grams of hydrochloric; acid (density 1*123) 
is treated with 600 grams of sodium hydroxide in 3000 c.c. of water 
and rapidly cooled to 0° C., when a portion of the sodium antimonite 
separates out. To the solution the diazoniurn solution is then added 
with rapid stirring. Copper paste is added, and nitrogen is readily 
evolved. After several hours the excess of alkali is nearly neutralised 
by dilute sulphuric acid, the mixture filtered, and the phenylstibinic 
acid precipitated by adding hydrochloric acid. The crude acid 
(100 grams) is dissolved by heat in 250 grams of hydrochloric acid 
(density 1*123) and the hot solution saturated with solid ammonium 
chloride. Shining plates of phenylstibinic oxychloride separate and 
are washed with a saturated solution of ammonium chloride in hydro¬ 
chloric acid. The crystals are then dissolved in a slight excess of 

^ Schmidt, Anvulen, 1922, 55 , 697. 

* Delacroix, J. de Pharm., 1897, [ 6 ], 6 , 337. 

® Sendorena, Bull. Soc. cMm., 1899*, [3], 21 , 49; Delacroix, ihid.y 1899, (.‘3|, 21 , 1049; 
1901, [3], 25 , 288. 

* dander, KoUoid. Zeitsch., 1918, 23 , 122 . 

® Macallum, J. Soc. Chem. Ind., 1923, 42 , 468 T. 

® Schmidt, Annalen, 1920, 421 , 188. 

’ American Patent, 1260707; see May, Trans, Chem. Soc., 1912, loi, 1033. 

VOL. XI. : JIT. 15 
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dilute sodium carbonate solution, the solution filtered and the acid 
})re(*i|)itated by acidifying the filtrate with dilute aeid.^ (4) 98 grams 
of aniline and 220 grams of antimony trichloride are dissolved in 
850 grams of hydrochloric acid (density 1*128) and 1000 c.c. of water 
added. The solution is diazotised with 71 grams of sodium nitrite 
and a solution of 400 grams of sodium hydroxide in 10,000 c.c. of water 
slowly run in, the mixture being cooled and vigorously stirred during 
the operation. A brisk evolution of nitrogen soon takes place, and 
the jiroduet is isolated from the reaction mixture as in the preceding 
])roc(^ss.2 (5) Phenyldichlorostibine, obtained by heating triphenyl- 

stibine and antimony trichloride together in xylene solution, is sus¬ 
pended in ether aiul chlorinated. The resulting oil is treated with 
ammonium hydroxide and the phenylstibinic acid precipitated from 
the filtrate by aeidilication with hydrochloric acid.® 

Phenylstibinic acid is a white solid, not melting below 250° C,, 
slightly solu})le in alcohol, more soluble in acetone, and separating 
from hot acetic ac id in fine crystals. It dissolves in warm chloroform 
or amyl a(*ctate, and is readily soluble in (*old alcohol-benzene, alcohol- 
ethc r or alcohol-chloroform mixture, separating from the last-named 
as diamond-shaped glistening crystals on the addition of a little water. 
It is soluble in dilute alkalis, yielding salts, and the barium salt is pre- 
cif)itated by adding barium chloride to an ammoniacal solution of the 
acid. The mid reacts with hydrogen sulphide to yield a pale yellow 
suljjhidc, decomposed on warming with partial formation of antimony 
sulidiide.^ 

4-Chlorophenylstibinic acid, 

01-<^^ ^ ^ Sb()( O H )2 

A solution of 50 grams of j;-chloroaniline in 250 grams of hydrochloric 
acid (density 1 *128) and 150 grams of water is diazotised by the addition 
of a solution of 29 grams of sodium nitrite. To this solution are added 
84 grams of antimony trichloride in 110 grams of hydrochloric acid 
(density 1*123) and 50 grams of water. The thick yellowish precipitate 
which se})arates is washed with dilute hydrochloric acid, suspended in 
1500 grams of water and treated with 150 grams of sodium hydroxide 
(density 1*47). Nitrogen is slowly evolved, and when the evolution is 
complete the mass is filtered and the solid extracted many times with 
warm dilute sodium hydroxide solution. Acidification of the combined 
filtrates precipitates p-chlorophenylstibinic acid, which is filtered off, 
dried, dissolved in 110 grams of warm hydrochloric acid (density 1*128) 
and treated with a little animal charcoal. After filtration the solution 
is saturated with solid ammonium chloride, when 4-ehlorophenylstibinic 
oxychloride is precipitated. This is washed with a saturated solution 
of ammonium chloride in hydrochloric acid (density 1*123) to remove 
inorganic antimony compounds. The residue is dissolved in dilute 
sodium hydroxide, and after filtration the stibiiiic acid is precipitated 
by dilute hydrochloric acid.® 

^ German Patent, 254421; English Patent, 16350 (1012). 

* German Patent, 261285. ® May, loc. cit,; HasonMumer, ifer., 1898, 31 , 2913. 

* Eor the preparation of neutral-reacting, alkali-soluble aromatic stibinic acids, see 
German Patent, 267083. 

^ German Patent, 261825; May, Trans. Chem. 1912, loi, 1037; Schmidt, 

Annalen, 1920, 421 , 207. 
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4-Chlorophenylstibinic acid is a colourless powder, soluble in mixtures 
of alcohol with benzene, chloroform or carbon disulphide, from which 
it separates in a crystalline condition. The compound decomposes 
without melting on heating. 

4-Bromophenylstibinic acid, BrC 6 H 4 .SbO(OH) 2 , occurs when 
diazotised p-bromoaniline is treated with antimony trioxide in the 
presence of alkali. The mixture is decolorised by animal charc^oal and 
dilute sulphuric acid added until the solution is nearly neutral to litmus, 
any precipitate being filtered off. The solution is then made neutral 
to Congo red by the addition of dilute acid, when the stibinic acid is 
precipitated as a pale buff-coloured body.^ 

2- Nitrophenylstibinic acid, 

_\ -S b( >2. n H gO 

NO2 

A solution of 13*8 grams of o-nitroanilinc in 100 c.c. of 5N nitric acid 
is diazotised in the usual manner, and after cooling with ice is treated 
with 40 c.c. of 5N sodium hydroxide solution and a solution of 33 grams 
of tartar emetic. The mixture' is stirred and sodium liydroxide solution 
run in until a vigorous evolution of nitrogen takes place, this requiring 
about 40 c.c. of '5N sodium hydroxide. When a test portion no longer 
couples, the whole is made strongly alkaline, then acidified and warmed. 
The precipitated stibinic acid is filtered off and dried. To remove 
impurities the a(‘id is treated with concentrated hydrochloric a(4d, 
then dissolved in alcoholics hydrochlorict acid, from which solution 
impurities may be ])recipitated by c'arefully adding water. After 
filtration the stibinic acid is precipitated by the addition of water.^ 

o-Nitrophenylstibinic acid is a yellowish-brown powder, remaining 
unchanged at 285'' C. It is sparingly soluble in methyl and ethyl 
alcohols, even after the addition of chloroform, but it clissolves in a 
large bulk of boiling acetic acid and in dilute alkali. Methyl alcohol- 
h^^cirochloric acid mixture converts it into the stibinic chloride.® When 
boiled with an excess of sodium hydrogen tartrate the acid forms a 
tartrate, N 02 .CeH 4 .Sb 0 ( 0 H) 2 .C 4 H 60 eNa. 

3- Nitrophenylstibinic acid. 



This acid may be obtained in two ways : (1) m-Nitroaniline is diazotised 
and treated with tartar emetic in slightly acid solution, but the yield 
is very small, ^ (2) By adding phenylstibinic acid to well-cooled 

fuming nitric acid (density 1*51) and purifying by means of the 
chloride, as in the case of phenylstibinic acid. The acid also occurs 
when 12 parts of nitric acid (density 1*5) and 4 parts of concentrated 

^ Eargher and Gray, J. Pharm. and Exper. Therap., 1921, 18 , 354, 

2 Schmidt, ibid., p. 205. 

^ Macallum (J. Soc. Chem. Ind., 1923, 469 T) disagrees with Schmidt’^ formula¬ 
tion of this acid and states that molecular weight determinations of this acid and also 
of p-aminophenylstibinio acid in phenol solution give figures which point to these 
derivatives being monomolecular. 

^ Schmidt, tbid., p, 202. 
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sulphuric acid are used as the nitrating mixture at 40° to 55° C.^ It 
is a ])ale yellow powder, unmelted below 290° C., and has a similar 
solubility to the preceding acid. It is decomposed when heated with 
phosphorus j)cntabromide and chloroform at 100° to 110° C., giving 
] -bromo-3-nitrobenzenc in 70 per cent, yield. 

4-Nitrophenylstibinic acid, 

N02-< ^ \ -SbOa.nHaO 

;>Nitroaniline is diazotisod in the usual manner and treated wnth 
antimony trichloride. The double salt, N02‘f'6H4.N2Cl.SbCl3, is then 
decomposed by suspending it in water and adding a slight excess 
of sodium hydroxide. Addition of hydrochloric acid })rccipitatcs the 
stibinic ac^id, which is filtered off, dried, washed with hydrochloric acid, 
dissolved in alcoholic hydro(*hlorie acid and repre(?i])itated by water. 
It is a chrome-yellow powder, decomposing at about 300° C.^ 

2- Aminophenyl8tibinic acid, Nn 2 .C 6 ll 4 .SbO 2 .n 2 O, occurs when 
the corres])oiiding nitro-comj)ound is n'diiced by ferrous hydroxide or 
by titanous (diloridc in methyl alcohol solution.^ The acid is a brownish 
powder, darkening above 150° C., and soluble in about 200 })arts of 
water. It dissolves in methyl alcohol, warm glyc^erine, dilute acetic 
acid and sodium hydroxide, the alkali solution giving precipitates with 
most alkaline earth and heavy metals with the exception of zinc and 
magnesium. Aqueous solutions of the acid or its salts dc'compose on 
standing. The lead salt has the composition Cj2ni206N2Sb2Pb.8n20 
and the barium salt CQn6()3NSbBa.4n20. When the aciid is tre^ated 
in neutral solution with an excess of acetic anhydride at 0 ° C., it yields 
an acetyl derivative, whi(!h does not melt below 250° C., is sparingly 
soluble in water, and readily soluble in formic acid, dilute acetic acid 
or warm glycerine ; it yields the usual soluble alkali and ammonium 
salts.^ 

3- Aminophenylstibinic acid, NHg.CeH^.SbOg.nllgO, may be pre¬ 
pared as follows: (1) m-Amino])henyldichlorostibine hydrochloride is 
suspended in a mixture of ice and w^atcr and treated with an excess of 
ammonium hydroxide and the calculated amount of hydrogen peroxide. 
From the resulting solution the stibinic acid is separated by the addition 
of acetic acid, excess of precipitant being avoided or the precipitate 
redissolves.® The stibinic acid is a white powder, darkening at high 
temperatures without melting. It is insoluble in methyl or ethyl 
alcohol, readily soluble in acids and alkalis. It can be diazotised and 
coupled in the usual manner, and with aromatic aldehydes forms 
coloured Schiff’s bases. The acid gives rise to a sulphide and a sulphate, 
and it may be acetylated using the Schotten-Baumann reaction.® 

^ Morgan and Micklethwait, J. Ghem. Soc,, 1911, 99 , 2296; compare German Patent, 
287709. 

* Charrier, Oazzetta, 1922, 52 , ii, 16. 

® Macallum, hr. ciL 

^ Breinl and Nicrenstein {Ann. Trap. Medicine and Parasit., 1908-1909, ii, 381) state 
that they prepared 2 -aminophenylstibinio acid from o-chloroaniline and magnesium in dry 
ether solution by adding antimonic acid, but such a reaction appears impossible and their 
compound does not correspond with Macallum’s derivative. 

® Schmidt, loc. cit., p. 226; see German Patent, 270488. 

** German Patent, 284231. 
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m-Garbamidophenylstibinic acid/ 

V-SbO(OH)^ 

Ah.CO.NHj 

m-Airiinopheiiylstibinic acid, 6 grams, in 20 c.c. of normal hydrociiloric 
acid, is neutralised by sodium hydroxide and treated with 25 e.e. of 
ac'etie acid followed by a eoncentrated aqueous solution eontaining 
2*5 grams of potassium cyanate at 0° C. After an liour the preeipi- 
tate is eollec‘ted, dissolved in sodium hydroxide and reprecipitated by 
hydrochloric; acid. Purification is effected by suspending 5*5 grams of 
the crude product in 50 c.c. of concentrated hydrochloric acid at 0° C. 
and after three hours filtering off the yellow crystalline stibinie chloride, 
washing it with hydrochloric acid and hydrolysing it to the stibinie 
acid by water. The product is a white amorphous powclc;r whic;h 
decomposes without melting when heated. The sodium salt is a white 
amorphous ])owder, modcTately soluble in water. 

N-Phenylglycineamide-m-stibinie acid, 



-SbO(OH)2 


NH.CHg.CO.NH., 


A solution of 5*2 grams of m*aminophenylstibinic acdcl and 3*0 grams 
of c’hloraeetamide in 20 e.c;. of normal sodium hydroxide is heated at 
90° C. for 90 minutes. Sufficient sodium hydroxide is then added to 
dissolve the precipitate whic;h forms and the solution treated with a 
further 1-5 grams of chloraeetamide and heated for another 60 minutes 
to com])lete the condensation. The clear solution obtained by adding 
the requisite amount of alkali is acidified with ac;etic acid, the precipi¬ 
tated stibinie acid dissolved in 15 e.e. of 2N hydrochloric acid, the 
addition of ice-cold hydrochloric acid (15 e.e., density 1-19) then 
l esulting in the separation of the crystalline stibinie chloride. This is 
quickly filtered c:)ff, dissolved in water, the solution made alkaline and 
the free stibinie acid reprecipitated by the addition of acetic acid. 
The acid is a white amorphous powdc;r, readily soluble in dilute alkali 
or excess of dilute mineral acid, but insoluble in dilute acetic acid. 
Sodium nitrite preci{)itates a gelatinous nitrosamine when added to a 
dilute hydrochloric acid solution of the stibinie acid. The sodium salt 
is a white amorphous powder, readily soluble in water. 

N - Phenylglycinemethylamide - m - stibinie aci d, 


-SbO(OH)2 
NH.CH2.CO.NH.CH3 


is obtained by a similar method to the foregoing compound. It gives 
a strong odour of methylamine when heated with sodium hydroxide 
solution. The sodium salt is a white amorphous powder, completely 
soluble in about half its weight of water. The condensation has also 
been effected using chloroacetethylamide. 

4-Aminophenylstibinic acid, NH 2 .CeH 4 .SbO 2 .nH 2 O.—4-Acetyl- 
aminophenylstibinic acid, 50 parts, is heated for several hours on the 

^ Morgan and Cook, J. Chem, 8oc,y 1930, p. 737. 
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water-bath with 500 parts of 5 per cent, sodium hydroxide solution, 
until a test portion when largely diluted gives a precipitate with 
dilute hydrochloric acid which immediiitcly dissolves in excess of 
the reagent. The frt*(^ acid is then precipitated from the solution by 
the addition of dilute acetic acid.^ Sa}>onificatioti of the acetyl de- 
rivatiNH' may also be effected by warming with 5N potassium hydroxide 
solution at 90® C. for one hour.^ crude acid may be purified by 

treatment with ice-cold hydrochloric! acid (density 1*19), when the 
chloride, (NH 2 .HCl)CcH 4 .SbCl 4 , is produced, this subsequently being 
decomposed by the (calculated (piantity of sodium hydroxide. 

A more recent method of ])reparation is as follows: ^ A mixture 
of the calculated amounts of jti-aminoacctanilide and antimony trioxide 
in sufficient 15 per cent, hydrochloric aedd to dissolve the trioxide is 
diazotised with 15 jkt cent, sodium nitrite solution. The latter is 
introduced through a ca])illary tube reaching to the bottom of the 
beaker, the contents of the latter being meehanic^ally stirred. A yellow 
crystalline molecular (compound is formed, filterc'd off, suspended in 
wat(T, cooled to 3®~5® C., and 10 per cent, sodium hydroxide added 
in small portions, efli(dent stirring Ixdng maintained. If great care is 
not exercised a stiff foam forms and the yield is low. When the vigorous 
evolution of nitrogen ceases, the solution is nearly neutralised, carbon 
dioxide passed in and the resulting preci[)itate filtered off and dis¬ 
carded. The filtrate is then acidified with dilute a(*(‘tic acid, a yellowish- 
white floceulent precipitate separating. This is best removed by centri¬ 
fuging. It is claimed that by this prcxjcss and subsecpient hydrolysis 
a 35 to CO j)er cent, yield of jr;-aminophenylstibinic acid results.^ 

4-Aminophenylstibinie acid is a colourless powder, insoluble in the 
usual organic solvents, readily soluble in dilute sodium hydroxide, 
from which alcohol precipitates the sodium salt. The acid decomposes 
on heating, without melting, but the sodium salt is more stable than 
the free acid. When the salt is wanned with potassium iodide and 
dilute sulph\iric acid, jp-iodoaniline is formed. The acid condenses 
with aldehydes in the presem^e of an excess of aceti(* acid, and diazotisa- 
tion and coupling with j3-na})hthol in alkaline solution gives a red azo¬ 
derivative.® The sodium salt is the antimony analogue of “ atoacyV 
When urea is added to a warm a(picous solution of the acid and the 
mixture is eon(‘cntrated, the subsequent addition of alcohol precipitates 
a compound to which the following structure has been assigned: ® 

The following amine salts of jo-aminophenylstibinio acid are also 
known : dimethylamine and trimethykmine salts, ethylamine, diethyl- 
amine and triethylamine salts, propylamine salt, isoamylamine salt and 
allylamine salt. All these salts are soluble in water giving red solutions 
which cloud in a few minutes ; they are insoluble in all organic solvents 

^ German Patent, 270488. 

2 Schmidt, Annalm, 1922, 429 , 145. 

Dunning and Reid, J. Amer. Ghem. Soc.„ 1926, 48 , 2959. 

* Compare American Patent, 1682269. 

* German Patent, 254421. 

« Brahmachari, Indian J. Med. Research, 1922, zo, 608; Brahmachari and Das, ibid., 
1924, 12 , 423; compare Niyogi, J. Indian Chem. Soc., 1928,5, 753; compare Balaban. 
J. Chem. Soc., 1930, p. 1685. 
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except gly(‘erine. Three molecules of the acid are combined with one 
molecule of the base.^ 

4 - Acetylaminophenylstibinic acid, CH3.CO.NILC6H4.SbO2. 
nH 20 .—Monoacetyl-p-phcnylenediarnine, 150 grams, in 147 grains of 
sulphuric acid and 1000 grams of water, is cooled and diazotised by add¬ 
ing a solution of 71 grams of sodium nilrite. The diazotised solution is 
added to the calciulated amount of sodium antimonite, and when the 
reaction is complete the solution is nearly neutralised by dilute sul¬ 
phuric acid and saturated with carbon dioxide to remove impurities 
and excess alkali. After filtering, sodium chloride is added, when the 
sodium salt of the acid separates. This is freed from sodium chloride 
'by dissolving in methyl alcohol and evaporating the solution. The 
sodium salt readily dissolves in water, forming a neutral solution from 
which mineral acids preci])itate the free acid.^ The acid is soluble in 
ammonium hydroxide, and alkali hydroxide\s or carbonates. The acetyl 
grou]) may be removed as already indicated.^ 

The following derivatives have been obtained by applying the Bart- 
Schmidt reaction to the aj^propriatc amino-compounds: sodium benzyl- 
henzoate-d-stihinate, -3-stihinate^ -2-stihinate and -o'-stihinate^ 

Carbethoxy-p-aminophenylstibinic acid, C2H5OCO.Nn.C6H4. 
SbOg.HgO.—The aminostibinic acid in alkaline solution is condensed 
with ethyl chlorocarbonate and the product precipitated by aeidific^ation 
with hydrochloric acid.^ 

Replacement of the ethyl chlorocarbonate in the fon^going by 
benzene sulphonyl chloride and carrying out the rc'aetion at 0 ()° C. 
yields henzenesulphonyl-p-aminophenylstihinic acid, CgHg.SO g.NH.C 
Sb02.H20.« 

When an alkaline solution of the p-aminophenylstibinic acid is 
refluxed for two hours with chloracetamide, N-phenylglycineamide- 
p-stihinic acid results, NH 2 .CO.CH 2 .NH.C 6 H 4 .SbO 2 .H 2 O. The product 
is purified by solution in sodium hydroxide and acidification with dilute 
acetic acid. The sodium salt of this acid is analogous to “ tryparsamide,’^ 
Sodium p-aminophenylstibinate and allyl thiocarbamide condense 
in methyl alcohol solution at room temperature in 24 hours. Dilution 
of the solution and acidification yield alhjlthiocarhamino-p-aminophenyl- 
stibinic acid, C 3 H 6 NH.CS.NII.C 6 H 4 .SbO 2 .H 2 O, a pale yellow amorphous 
powder, soluble in sodium hydroxide but not in sodium carbonate. 

Salicyl aldehyde and sodium p-aminophenylstibinate in acetic acid 
solution condense to yield o-oxybenzylidene-ji-aminophenylstibinic acicU 
The following are obtained from p-aminophenylstibinic acid and the 
appropriate alkyl chloroformate in normal sodium carbonate solution : ® 
Carbomethoxy-, carbopropoxy-, carhoisopropoxy-, carhobutoxy-, carbo- 
isobutoxy-, carbo- ^-chloroethoxy- and carbo-y-chloropropoxy- * p-amino- 
phenylstibinic acids. The last two are converted by 5 per cent. sodi\im 
hydroxide at 70® C. into p-^-hydroxyetkylaminophenylstibinic acid and 
p-y-hydroxypropylaminophenylstibinic acid, respectively. 

^ Niyogi, J, hidian Ch^m. Soc., 1928, 5 , 286. 

* German Patent, 254421; American Patent, 1260707; English Patent, 16350(1912). 

® For complex compounds derived from this acid, see German Patent, 396864. 

* Niyogi, J. Indian Chem. 80 c.y 1930, 7 , 677. 

® Brahmachari, he. cit. 

« Compare German Patent, 284231. 

’ German Patent, 284231. 

® Hamilton and Etzelmiller, J. Amer. Chem, 80 c., 1928, 50 , 3360. 
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Sodium p - a> - sulphomethylaminophenylstibinate, (SOgNa. 
CH 2 .NH.CeH 4 .Sb 02 ) 3 H(ONa),^ is formed by treating sodium p-amino- 
phenylstibiiiate in aqueous solution with formaldehyde and sodium 
liydrog(‘n sulphite. Using “ urea stibamine ” in the preparation yields 
the carbamide salt of p-tx^-sulphomethylarninoplienylstibinic add, i,e, 
(S 03 Na.CH 2 .NH.CeIl 4 .Sb 02 ) 3 H( 0 CH 3 N 20 ). When carbamide is 
allowed to react with the appropriate stibinic acid in aqueous solution, 
carbamide p-acetamidoplienylstibinate and carbamide p-hydroxyphenyU 
stibinate arc isolated. 

4-Hydroxyphenylstibinic acid, HO.CeH4.SbO2.nH2O, is obtained 
as follows : (1) Antimony trioxide in hydrochloric acid solution is 

allowed to react with diazotised p-aminophenol and the mixture then 
treated with 5N sodium hydroxide. After the product has been pre¬ 
cipitated by acidification, it is dissolved in cold concentrated hydro¬ 
chloric acid and a solution of pyridine in hydrochloric acid added. 
The j)yridine double salt of the stibinic chloride is thus j^rccipitated as 
an air-stable yellow substance, M.pt. 176° C. This salt is decomposed 
by cold water, the resulting stibinic acid taken up in sodium hydroxide 
aiul precipitated by acid.^ (2) p-Ami nophenol, 109 grams, is (lissolved 
in 147 grams of sulphuric acid and 1000 grams of water and diazotised 
by adding a solution containing 71 grams of sodium nitrite. This 
diazo-solution is added to a sodium antimonite solution prepared as 
described under phenylstibinic acid. After completion of the reac^tion 
the mixture is saturated with carbon dioxide and filtered. The filtrate 
is saturated with sodium chloride and the 4-hydroxyphenylstibinic 
acid prcci})iiated by the addition of dilute sulphuric acid.® 

The acid is a colourless powder darkening when heated, but re¬ 
maining unrnelted at 270° C. It is fairly soluble in methyl alcohol or 
boiling water, sparingly soluble in cold water, the aqueous solution 
giving a violet coloration with ferric chloride. Addition of ammonium 
chloride to an arnmoniacal solution of the acid causes precipitation of 
the ammonium salt. Solutions of the acid in hydrocdiloric acid (density 
1-17) after standing give a test for inorganic antimony when hydrogen 
sulphide is passed through the solution. When an alkaline solution 
of the acid is treated at 60° C. with chloracetic acid, acidification with 
hydrochloric acid after three hours yields carboxymethyleneoxyphenyl- 
4-stibinic acid, H02C.CH2.0.CeH4.Sb02.H20.^ 

3-Nitro-4-hydroxyphenylstibinic acid, 

H0-<( ^ ^ SbOg.nHaO 
NO* 

may be obtained by two methods: (1) The 3-nitro-4-chlorophenyl- 
stibinic acid resulting from the nitration of 56 grams of p-chlorophenyl- 
stibinic acid is dissolved in sodium hydroxide solution, reprecipitated 
by hydrochloric acid and filtered off. The precipitate is washed and 
transferred whilst moist to a vessel containing 75 c.c. of potassium 
hydroxide (1:1) and the mixture heated for several hours at 90° C. 
The potassium salt is deposited, the liquor being cooled and treated 

^ Brahmachari and Gupta, J. Asiatic Soc. Bengal, 1929, 25 , 301. 

* Schmidt, Animlen, 1922, 429 , 147. 

® German Patent, 254421. 

^ Brahmachari, loc. cit. 
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with alcohol. The salt is purified by solution in water and precipitation 
by alcohol, after which its aqueous solution is treated with mineral acid 
t o liberate the free acid. An air-dried specimen obtained by this method 
corresponded to the formula [3(N02.0Il.CeH4.Sb02).2H20].5H20.^ 
(2) 3-Nitro-4-acetylaminophenylstibinic acid, 35 grams, Is heated with 
300 grams of aqueous potassium hydroxide (density 1*30) until ammonia 
ceases to be evolved. Dilute sulphuric acid is then added to precipitate 
the stibinic acid.^ 

3-Nitro-4-hydroxyphenylstibinic acid is a brownish-yellow powder 
which does not melt below 230° C. Its solution in methyl alcohol 
gives no precipitate when water is added. It dissolves readily in 
acetic acid, aqueous alkalis and ammonium hydroxide. Warm con¬ 
centrated hydrochloric acid dissolves it and on cooling 3-nitro-4- 
chlorophenylstibine tetrachloride separates, the addition of ammonium 
chloride causing the deposition of the stable double salt. The potassium 
salt is a scarlet, crystalline ))owder. 

3 -Amino- 4 -hydroxyphenylstibinic acid, (NH2)(H0)C6H3.Sb02. 
nHgO. - This acid is isolated by reducing the corres])onding nitro¬ 
compound : ® (1) 3-Nitro-4-hydroxyphcnylstibinic acid, 30*8 grams, 
in 160 grams of water and 4 grams of sodium hydroxide, is reduced 
by adding 65 grams of sodium hydrosulphite in 200 c.c. of water con¬ 
taining 2 grams of sodium hydroxide. The mixture is well cooled, 
and as the red colour disappears the amino-acid separates as a white 
precipitate. The excess of hydrosulphitc is removed by passing a 
current of air through the mixture. (2) Th(* amino-acid may also be 
obtained by reducing the nitro-acid in aqueous solution by means of 
sodium amalgam. 

The acid is an unstable white powder which soon darkens even in 
the dry state. When heated it decomposes without melting, and in 
water and the usual solvents it is insoluble, but it dissolves readily in 
alkali, ammonium hydroxide and acids. A sodium salt may be ])recipi- 
tated from the aqueous alkali solution by the addition of alcohol. The 
amino-group is diazotisable and the diazo-cornpound couples with 
alkaline resorcinol solution and other phenols. 

3 -Acetamido- 4 -hydroxyphenylstibinic acid,^ 

~~^ -SbQ(OH )2 or () ^ - 8 bO(QH) 2 .HaO 

NH.CO.CH3 HsC.C==::N 

The foregoing amino-acid, obtained by the reduction of 16 grams of 
potassium 3-nitro-4-hydroxyphenylstibinate, is suspended in 12 c.c. of 
water and acetylated by the gradual addition of 9 c.c. of acetic anhydride. 
A clear solution results and after twenty-four hours several volumes of 
acetone are added, causing the precipitation of a stibinic acid which may 
be represented by one of the above formulae. The substance is a w^hite 
amorphous powder, extremely soluble in water, with an acid reac^tion, 
insoluble in acetone, alcohol or glacial acetic acid, and yielding a 
sodium salt which is readily soluble in water. 

' Schmidt, Annalen, 1920, 421 , 212; German Patent, 262236. 

* German Patent, 259876. 

* German Patent, 270488. 

* Morgan and Cook, J. Chem. 80 c., 1930, p. 743. 
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A more recent investi^jation ^ attacks the problem of the prepara¬ 
tion of this acid in a different way : 8*25 grams of 4-amino-2-acetamido- 
phenol and 11 *4 grams of antimony trichloride in 7*5 c.c. of hydrochloric 
acid are added to 45 c,c, of water and 7*5 c.c. of hydrochloric acid, and 
the mixture treated at 0° C, with 3*45 grams of sodium nitrite in 23 c.c. 
of water; after three hours the antimony double salt of the diazo¬ 
compound is collected and added in small quantities to 150 c.c. of ice- 
cold 2 N sodium hydroxide. The mixture is stirred for four hours, 
kept overnight, and filtered and acidified to Congo-red with hydro¬ 
chloric acid, when about 8*1 grams of the crude stibinic acid are pre¬ 
cipitated. This is dissolved in 2 N ammonium hydroxide, an exeess 
of hydi’ochloric acid added, the solution treated with charcoal, filtered, 
neutralised to Congo-paper with sodium acetate, and poured into a 
larger voluim* of water. The acid separates as a white powder, becoming 
light brown when dried in vacuo. The yield is 1*8 grams. A specimen 
sealed in an ampoule for 31 years was readily soluble in 2 N ammonium 
hydroxide, whereas one ke})t in an ordinary specimen tube was not 
wholly soluble after a similar lapse of time. 

3-Nitro-4-acetylaminophenylstibinic acid, 

CH3.OO.NH / ^ SbO^.^HtgO 

NO2 

Anhydrous sodium 4-acetylaminophenylstibinat(‘, 113 grams, prej^ared 
by prolonged heating of the hydrated salt at 110° C., is dissolved in 
300 grams of glacial aceticj acid and the solution cooled to -10° to - 2° C, 
To this solution 800 grams of concentrated sulphuric acid are added, 
followed by a mixture of 25*4 grams of nitric acid (density 1-515) and 
100 grams of concentrated sulphuric acid, the temperature being main¬ 
tained below 0° C. during the operation and the whole efficiently stirred. 
The stirring is continued for several hours and the reaction mixture 
then poured into ice-water. The crude nitro-acid separates and is 
removed, washed with water and dried. It is a yellowish-brown 
powder, readily soluble in alkalis, alkali carbonates and ammonium 
hydroxide, from which solutions it may be rej)recipitated by acids. 
When heated it decomposes without melting.^ 
3-Nitro-4-chlorophenylstibinic acid, 

Cl N-SbOg.wHgO 

'1 

NOa 

28 grams of 4-chlorophenylstibimc acid are dissolved in 200 c.c. of con¬ 
centrated sulphuric acid, keeping the temperature below 25° C, The 
temperature is then maintained below 5° C. whilst a mixture of 4-2 c.c. 
of nitric acid (density 1*515) and 5 c.c. of concentrated sulphuric acid 
is added. After a further hour’s stirring the mixture is poured upoji 
ice, when the nitro-acid separates. It is a colourless powder, unchanged 
at 250° €., readily soluble in warm methyl and ethyl alcohols, dilute 
alkalis or hydrochloric acid. Water does not reprecipitate the acid 
from alcoholic solution.® 

^ Baiaban, J. Chem, 80 c,, 1930, p. 1685. 

* German Patents, 259876, 287709. 

* Schmidt, Annalen, 1920, 421 , 208; compare German Patent, 262236. 
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3-Nitro-4-piperidiiiophenyl8tibinic acid/ 


NO2 

A solution of 3*28 grams of 4-chloro-3-iiitro])heiiylstibinic acid and 5*5 
c.c. of piperidine in 20 c.c. of alcoho] is boiled for three hours and then 
j)oured into water. The orange precipitate, 3*5 grains, is dissolved in 
20 e.e. of warm glacial acetic acid and the cooled solution treated with 
20 c.c. of concentrated hydrotrhloric acid, the stihinic chloride hydro¬ 
chloride being precipitated. This is a colourless microcrystalline powder, 
decomposing at 185° to 187° C. When suspended for several hours in 
a large volume of water, 3-nitro-4-piperidinophenylstibinic acid hydro¬ 
chloride separates as an orange amorphous powder. The latter is dis¬ 
solved in alcohol by the aid of 2 N sodium hydroxide and the clear 
solution acidified with acetic acid. The gelatinous precipitate which 
forms is dried and washed with water to remove occluded salts, being 
obtained as an orange amorphous powder, sparingly soluble in excess 
of dilute aqueous alkali. 

3-Amino-4-piperidinophenylstibinic acidjCgllio =N.C 6 H 3 (NH 2 ) 
SbO(OH) 2 .JH 20 , occurs when the foregoing nitro-acid is reduced with 
ferrous hydroxide. It is a greyish powder, soluble in very dilute 
mineral acid or alkali, the solutions giving the reactions for })rimary 
amines. The sodiwn salt has been isolated, 

3-Nitro-4-ethylaminophenylstibinic acid, 

_^-8bO(OK)2dH2() 

is the condensation product of 4-chloro-3-nitrophenylstibinic acid and 
ethylamine in alcohol solution, the reaction being completed in three 
hours at 120° to 130° C. The crude product is converted to the stihinic 
chloride, a buff, microcrystalline powder, having no delinitc melting- 
point. Hydrolysis of this chloride by water yields the orange stibinic* 
acid, which may be further purified through its ammonium salt. 

S-Nitro-d-niethylarninophenylstibinic chloride is prepared in the same 
manner as the ethylamino-compound. 

3 : 5-Dichloro-4-acetamidophenylstibinic acid.® —l-Aeetamido- 
3 : 5-dichloroaniline (2*5 grams) in 20 c.c. of water and 10 e.e. of hydro¬ 
chloric acid is diazotised at 0° C. and a further 10 c.c. of hydrochloric 
acid added. To the solution are added 2 grams of antimony trioxide in 
20 c.c. of hydrochloric acid. A yellowish-white precipitate separates and 
is left in ice for SO minutes with occasional stirring. It is filtered 
off, washed with dilute hydrochloric acid and then with water until 
acid-free. The moist mass is then triturated with water, (ioolcd to 
5°~7° C. and 6 grams of sodium hydroxide in water gradually added 
with vigorous stirring, the stirring being continued until evolution of 
nitrogen slackens. The liquid is then filtered and the clear filtrate 
acidified with dilute acetic acid, when the free antimonic acid separates 
as a flocculent precipitate. This is washed with water until free from 
admixed acid, suspended in water and brought into solution by adding 

^ Morgan and'Cook, J. OAem, Soc., 1930, p. 737. 

® Niyogi, J. Indian Chem. 80 c,, 1927, 4 , 397. 
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dilute sodium carbonate solution dropwise. The solution is evaporated 
to dryness in a vacuum, the residue extracted with methyl alcohol, 
boiled with charcoal and filtered, the sodium salt of the antimonic acid 
being prcci])itated from solution by the addition of ether. The dry 
product is a pale red amorphous powder, moderately soluble in water, 
giving a red solution which is neutral to litmus. The free acid may 
be pre(‘ipitatcd by at'idification with dilute mineral acid. 

The following sodium salts are isolated by the same method and 
have similar properties to those just given : 3 : 5-dihromo- and 3 : 5-di- 
iodo-4-acetamidophenylstihinates^ 3~bromo- and 3-iodo-4-ncetamidophenyU 
stihinates, 

2 :4-Dinitrophenylstibinic acid. 



occurs when 2 : 4-dinitroaniline is diazotised and treated with tartar 
emetic in neutral or slightly acid solution in the usual manner. It is 
a brown powder, exploding when heated.^ 

p-Tolylstibinic acid, CJl 3 .C 6 H 4 .SbO(OH) 2 .—Two solutions, one 
of diazotised p-toluidine (26 grams of base, 37 grams of concentrated 
sulphuric acid, 250 c.c. of water and 18 grams of sodium nitrite) and 
the other of 56-6 grams of antimony trichloride in 15 gi'ams of hydro¬ 
chloric acid (density 1*16) and 41 c.c. of water to which 150 grams of 
sodium hydroxide in 750 c.c. of water have been added, are mixed at 
0 "^ C. and treated with copper bronze. The liquid is filtered after two 
days, nearly neutralised with dilute sulphuric acid, again filtered if 
necessary, and acidified with dilute hydrochloric acid. The mixture 
(50 grams) of p-tolylstibinic acid and antimony trioxide thus obtained 
is dissolved in 27 grams of hydrochloric acid (density 1*16) and 98 c.c. 
of water and the boiling solution saturated with solid ammonium 
chloride. The mixture of p-tolylstibinic oxychloride and ammonium 
chloride that crystallises on cooling is filtered off and dissolved in 
sodium carbonate solution, the stibinic acid is precipitated by acidifica¬ 
tion with dilute hydrochloric acid, and crystallised from spirit and 
from ether. 2 Yield, 8 grams. The acid also occurs when p-tolylstibinic 
tetrachloride is hydrolysed.® The product from both methods is a 
white amorphous powder. 

p-Anisylstibinic acid, CHgO.CeH^.SbOg.nHgO. —This acid is ob¬ 
tained from p-anisidine by the method used for phenylstibinic acid 
from aniline.^ It has not been analysed. It interacts with an excess 
of hydrochloric acid, yielding a yellow, crystalline, deliquescent chloride, 
which is easily decomposed with elimination of antimony. The acid 
itself is less stable than most stibinic acids. 

p-Phenetylstibinic acid, C 2 H 5 O.C 6 H 4 .SbO 2 .wH 2 O, occurs when 
p-phenetidine is diazotised and treated with antimony trioxide in the 
usual manner. By stirring the crude acid with hydrochloric acid con¬ 
taining ammonium chloride, the double salt of the stibinic chloride with 
ammonium chloride results. This is dissolved in cold methyl alcohol. 


* German Patent, 296940. 

2 Goddard and Yarsley, J. Chem. Soc., 1928, p. 721. 

* Hasenb&umcr, Ber., 1898, 31 , 2914. 

* Schmidt, Annalen, 1920, 421 , 213. 
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the solution treated with animal charcoal, filtered, and the acid pre¬ 
cipitated by diluting the filtrate with water. Final purification is 
effected by solution in alkali and reprecipitation by acid.^ The acid 
is a colourless powder, having an odour resembling that of phenetole. 
It darkens on being heated, but remains unmeltcd at 270° C. In 
mixtures of chloroform with alcohols, alcohol-benzene or acetic acid, it 
is readily soluble, but is not completely soluble in methyl alcohol or 
chloroform by itself. Hydrochloric acid converts the acid into a 
stibinic chloride which is unstable and resembles the foregoing anisyl 
compound. 

Mono-biphenylstibinic acid,^ CeH 5 .C 6 H 4 .SbO(OH) 2 , obtained by 
treating the tetrachloride with water, is a white powder, decomposing 
above 300° The tetrachloride required for this preparation is formed 
by the action of (‘hlorine on a chloroform solution of the diehloride. 

The following stibinic acids ® are obtained from the corresponding 
amines by the method of Dunning and Reid,^ described under 4- 
aminophcnylstibinic acid, p. 230: p-carboxymethylphenyU, p-carheth- 
oxyphenyl-^ p-carhethoxyaminoplienyl-^ acetophenone-4-^ a-naphthyl-, 
4-aminodiphenyl-4'-, 4-carhethoxyaminodiphenyl-4'4-aminodiphenyl- 
methane-4'-, 2-nitro-4-methoxyphenyl-, 2-acetamido-5-7nethoxyphenyl -, 
2-acetaniido-4-meihoxyphenyl-^ 1 : 4-phenylenedi-, and 4 : 4'-diphenyl- 
methanedi- stibinic acids. These products form buff powders, with tlie 
exception of acetophcnone-4-stibinic acid, which is deep red. 

When mixed aliphatic-aromatic antimony compounds containing 
carbonyl groups at non-cyelie bonds are treated with hydrazine or its 
derivatives, especially semicarbazide, or with other reactive anjino- 
compounds, hydrazone })roducts result.® Thus, an aqueous solution of 
p-acetophcnonestibinic acid containing sodium hydroxiilc, on adding 
to semicarbazide hydrochloride, warming on a water-bath, filtering, 
and acidifying the clear filtrate with hydrochloric acid, precipitates the 
colourless hydrazone product, which is purified by solution in sodium 
carbonate and reprecipitation with acid. The substance thus isolated 
melts at 350° C. An alcoholic solution of l-hydroxy-2-acctophcnone- 
4-stibinic acid may be treated in a similar manner. 

It is stated ® that arylstibinic acids such as the phenyl-, p-chloro- 
phenyl- and m-chloro-^-acetamidophenyl- acids, obtained by treating 
the appropriate diazotised amino-compound with antimony oxide, may 
be isolated in greatly improved yields by the presence of glycerol or 
other polyhydric alcohols. These substances inhibit the formation of 
by-products and the required acid is more readily isolated. Water- 
soluble derivatives of amino- or aminohydroxy- arylstibinic acids or 
their oxides may be formed by treating such derivatives with aldoses 
or ketoses;’ the condensation is effected by heating the components 
in aqueous solution at 50° to 55° C. with the addition, if necessary, of a 
little sodium hydroxide. Examples given are the condensation of 
galactose with m-aminophenylstibinic acid and of lactose with 
m-aminophenylstibinous oxide. 

^ Schmidt, Annalen, 1922, 429 , 148; Fargher and Gray, J. Pharm, and Exper. 
Therap,t 1921, 18 , 354. * VVorrall, J. Amer. Chem. 80 c., 1930, 52 , 2046. 

® Riddell and Basterfield, Trana, Roy. 80 c, Candida, 1929, [hi], 23 , 111, 45. 

^ Dunning and Reid, J. Amer, Chem, Soc,, 1926, 48 , 2959. 

® German Patent, 469327. • English Patent, 244746 (1925), ’ German Patent, 433105. 
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Secondary Aryi. stirinio Acids. 

These acids are obtained by the following general methods : • 

(1) Diarylstibinic chlorides are subjected to hydrolysis : 

HaSbCl RgSbClg —> R2SbO(OH) 

(2) Triarylstibincs are subjected to oxidation, using hydrogen 
})eroxide in the presence of alkali, which causes “ dearylation ” of the 
tertiary stibine : 

NaOH 

RgSb-V R2SbO(ONa) +RH 

H2O2 


(3) Ry the diazo reaction, the antimony oxide used in the prepara> 
tion of the ])riniary acids now being replaced by an aiylstibinoxide : ^ 


RN:NX4Sb< +2KOI1 
O 


/R 


> RN : N.O.Sb< 


^OK 


+ KX4H2O 


RN : N.O.SIk 




H)K 


/R 

RSbf-OK f Ng 


Obviously the foregoing scheme may be used for prej)aring symmetrical 
or unsymrnetrical stibinic acids according as whether the aryl radical 
of the diazo-compound is the same or different from the aryl group of 
th e ary Is ti bi nox i (1 c. 

All the diaryIstibinic acids are solids, and their method of prepara¬ 
tion has an iniluenee upon their solubility, e,g, the hydrolysis of di- 
phcnylstibinie chloride by ammonium hydroxide yields an acid which 
is insoluble in ammonium hydroxide or sodium cari)onate, but dissolves 
in sodium hydroxide, whilst solution of the chloride in sodium hydroxide 
gives a stibinic acid on acidification with acetic acid which dissolves 
in all the foregoing alkalis. The secondary acids also differ from the 
primary acids in their action towards hydrochloric acid and ammonium 
chloride ; diphenylstibinic acid is insoluble in concentrated hydro¬ 
chloric acid, and in hot dilute hydrochloric acid its solutions do not 
give a double salt with ammonium chloride, but pyridine hydrochloride 
precipitates diphenylstibinic chloride as a double salt. Nitration of 
the secondary stibinic acids yields nitro-acids containing the nitro- 
group in the mefa-position to the antimony. Reduction of the secondary 
acids yields stibinoxides. Mercuric chloride converts diphenylstibinic 
a(*id in methyl alcohol-hydrogen chloride solution into phenyl mercuric 
chloride and antimony trichloride. 

Diphenylstibinic acid, (CeH 5 ) 2 SbO.OH, may be isolated in several 
ways : (1) Aniline, 9*3 grams, in 60 c.c, of 5N hydrochloric acid, is 
diazotised, ice added, and a solution of 21 grams of phenylstibinous 
oxide in a small bulk of acetic acid run in. The solution is then made 
alkaline, when nitrogen is evolved. When the action has ceased the 
whole is filtered and acidified, the stibinic acid separating out. The 
acid is purified by solution in alkali and reprecipitation by sulphuric 
acid. If further purification is necessary the acid is dissolved in hot 
dilute hydrochloric acid, when the chloride is formed, (CeH 5 ) 2 SbCl 3 .H 20 . 

^ Compare the corresponding arsenical compouiRis, this Volume, Part II, p. 154. 
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This is dissolved in spirit by the aid of a little hydrochloric acid and the 
solution poured into dilute sodium hydroxide, addition of acetic acid 
then causing separation of the stibinic aeid as a voluminous precipitate.^ 
(2) 8 grains of triphenylstibine in acetone solution are added slowly to 
a hot mixture consisting of 150 c.c. of water, 50 c.c. of 5iV sodium 
hydroxide and 60 c.c. of 3 per cent, hydrogen peroxide, the mixture 
being stirred during the operation. After filtering, the diphenylstibinic 
acid is precipitated by dilute sulphuric acid and purified as follows : 
After collecting the product it is boiled whilst moist with 5 N hydrochloric 
acid and precipitated as thep//nd/ne double salt by adding pyridine hydro¬ 
chloride (25 c.c. of pyridine in 100 c.c. of hydrochloric acid, density 1*19). 
This salt is dissolved in boiling 5N hydrochloric acid and, on cooling, 
crystals of diphenylstibinc trichloride, (C6H5)2SbCl3.H20, M.pt. 175° C., 
arc obtained. This is rccrystallised from benzene and converted into 
the acid as already described. (3) Diphenylchlorostibine is converted 
into the stibinic chloride, which is then hydrolysed by alkali.^ 

Diphenylstibinic acid is a light powder, M.pt. 285° C. From acetic 
acid it crystallises in shining crystals, insoluble in concentrated hydro- 
chloru* acid, soluble in hot dilute hydrochloric acid. Its behaviour 
towards alkalis depends upon its method of preparation. If obtained 
by method (1), it is insoluble in dilute alkali. Alcoholic solutions of 
the trichloride yield with dilute aminoniun) hydroxide a granular 
]:)recipitate ol‘ diphenylstibinic acid insoluble in sodium carbonate or 
ammonium hydroxide. The stibinic^ acid which separates when an 
aqueous sodium hydroxide solution of the trichloride is treated with 
acetic acid is readily soluble in both the foregoing solvents. Moreover, 
the product obtaincHl by chloride hydrolysis in tlie form of an alkaline 
solution, if made just slightly alkaline to phenolphthalein by addition 
of sulphuric acid, gradually regains its alkalinity on standing. By 
repeating this process many times a diphenylstibinic acid results which 
is soluble in sodium hydroxide or carbonate, and ammonium hydroxide. 

2 :2'-Dichlorodiphenylstibinic acid, (( l.CeH4)2SbO.OH, occurs 
when o-chlorobenzcne diazonium chloride is treated with antimony 
trioxidc.® It is purified by conversion to the chloride, M.pt. 105° to 
110° C., the latter being dissolved in alcohol, dilution of the solution 
with water yielding the acid. The product is sparingly soluble in 
alkalis ; with potassium iodide and dilute sulphuric acad it gives an 
oil, which is probably o-iodochlorobenzene. 

3-Aminodiphenylstibinic acid, 



Aniline, 9-3 })arts, in 650 parts of hydrochloric acid (density 1*085) and 
400 parts of water, is diazotised with 71 parts of sodium nitrite. The 
diazo-solution is then mixed with an ice-cold solution prepared by 
dissolving 320 parts of 8-aminophenyldichlorostibine hydrochloride in 
1500 parts of water containing 280 parts of sodium hydroxide. A 
vigorous evolution of nitrogen occurs, and when the reaction is complete 

* Schmidt, Attmikri, 1922, 429 , 141,236; German Patent, 394795. 

* Michaelis and Rt^eso, Annahn, 1886, 233 , 69; Michaelis and Gunther, Ber., 1911, 44 , 
2319; Morgan and Micklethwait, Trnna, Chem, Soc,, 191J, 99 , 2296. 

* Macallum, J. Soc>. Chem. Ind., 1923, 42 , 469 T. 
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the stibinic acid is precipitated by adding acetic acid. The crude 
product is purified by converting it to the hydrochloride by means of 
concentrated hydrochloric acid. Th<' hydrochloride, which gradually 
darkens above 200 ° C., is washed with 5N hydrocdiloric acid and dried. 
The product is now treated with ether until its colour no longer changes, 
then dissolved in dilute sodium hydroxide. The solution is faintly 
acidified, filtered, and treated with sodium acetate to precipitate the 
stibinic acid.^ The acid is a powder which soon becomes ])ale red ; it 
sinters when heated to about 200 ° C., dissolves in dilute alkali, methyl 
and ethyl alcohols or chloroform, but is insoluble in ether or benzene. 

3 : 3'-Dinitrodiphenylstibinic acid, 



When diphcnylstibinic chloride in alcoholic solution is treated with 
silver nitrate it yields diphcnylstibinic basic nitrate. The latter is 
added to nitric acid (density 1*5) mixed with four volumes of concen¬ 
trated sulphuric acid, and the temperature maintained at 40° ('. and 
finally at 55° C. The crude stibinic acid is })rccipitated by mixing the 
reaction product with ice-water. The resulting substance is collected, 
dissolved in normal sodium hydroxide solution, repreeij^itated by 
acidification with acetic or hydrochloric acid, and recrystallised from 
glacial acetic acid. It separates in radiating clusters of flattened 
needles, decomposing indefinitely at 212 ° C., insoluble in water, alcohol 
or benzene, but yielding orange-yellow solutions in alkalis.^ Other 
salts of the metals are only sparingly soluble. When heated at 180° 
to 100 ° C. with bromine or phosphorus pentabromide the stibinic acid 
is converted into l-bromo- 8 -nitrobenzene. 

3 : 3'-Diaminodiphenylstibinic acid, (NHg.CeHJaSbO.OH.piaO. 
“ 8 : 3'-Diaminodiphenylstibinoxide in hydrochloric acid solution is 
j)recipitated by ammonium hydroxide and the suspension treated with 
hydrogen peroxide until a clear solution is obtained. The stibinic acid, 
formed as the oxidation product, is ))recipitated by acetic acid. The 
acid may be purified by c‘onversion to the stibinic chloride hydrochloride^ 
which is transformed into the acid by the action of sodium acetate on 
its aqueous solution.^ 8 : 8 '-Diaminodiphenylstibinic acid is a grey 
powder, sparingly soluble in alcohol, soluble in warm spirit or warm 
acetic acid. From its solution in sulphuric acid alcohol precipitates 
the sulphate, 

4 : 4'-Diacetylaminodiphenylstibiiiic acid, (CH 3 .CO.NH.CeH 4)2 
SbO.OH. 8 H 2 O, may be obtained in two ways: ( 1 ) 4 : 4'-Diacetyl- 
aminodiphenylstibinoxide, 14 grams, is dissolved in 120 c.c. of methyl 
alcohol and oxidised by the addition of 50 c.c. of a 3 per cent, hydrogen 
peroxide solution. The stibinic acid separates out as the reaction 
proceeds.^ ( 2 ) 2 grams of tri-p-acetylaminotriphenylstibine are dis¬ 
solved in a mixture containing 6 c.c. of 2 N sodium hydroxide, 30 c.c. 
of methyl alcohol and 6 c.c. of 8 per cent, hydrogen peroxide. After 
filtration, the stibinic acid is precipitated by passing in carbon dioxide. 

^ German Patent, 269205; Schmidt, he, cit. 

^ Morgan and Micklethwait, Trans, Chem. Soc.^ 1911, 99 , 2286. 

* Schmidt, Annalen, 1922, 429 , 241. 

* Ibid,, p. 138. 
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The acid is a colourless powder, melting at about 285^ C., slowly soluble 
in dilute aqueous sodium hydroxide, from which solution it may be 
reprecipitatcd by dilute sulphuric or nitric acid, but it is soluble in 
excess of the precipitant. Hydrochloric acid precipitates the cMoride 
from all solutions, and when the acid is boiled with glacial acetic acid 
the acetate, melting at about 205° C., separates out on cooling. 
Phenyl-m-phenylenestibinic acid, 



Six parts of 8-aminodiphenylstibinoxide are dissolved in a little methyl 
alcohol by the aid of 21-7 parts of hydrochloric acid (density 1-084), 
and after dilution with water a solution containing 1-42 parts of sodium 
nitrite is added. The diazo-solution is then neutralised wnth sodium 
hydroxide, when nitrogen is evolved. After completion of the reaction 
the stibinic acid is precipitated by acidification. The crude acid is 
collected, dissolved in warm alcoholic hydrochloric acid, rcprecipitated 
by water and extracted with ether. The ether solution is shaken with 
dilute sodium hydroxide solution, and then separated and treated with 
ammonium chloride, when the stibinic acid is precipitated. In the 
dried condition the acid is a pale brown powder, decomposing when 
heated, without any definite melting-point; it is only sparingly soluble 
in alkali, but readily soluble in warm acetic acid.^ 
Chloro-m-phenylenestibinic acid, 



O OH 


8-Amino-4-chlorophenylstibinous chloride, 32 jmrts, is dissolved in 
400 parts of water containing 183 parts of hydrochloric acid (density 
1*084) and diazotised by 7-3 parts of sodium nitrite, when a sparingly 
soluble diazo-compound separates. Ice is added and the liquor well 
stirred whilst 200 parts of sodium hydroxide (density 1-19) are run in. 
A violent evolution of nitrogen takes place and when the reaction has 
subsided the mixture is filtered and the acid precipitated by acidification 
with hydrochloric acid. The acid is collected, dried, and dissolved in 
warm alcoholic hydrochloric acid containing animal charcoal, from 
which solution, after cooling, the acid is reprecipitated by dilution with 
water. Final purification is effected by solution in alkali and repre¬ 
cipitation by acid. The acid thus obtained is a brown powder, which 
does not reduce Tollen’s silver solution, and is only slowly soluble in 
cold caustic alkali, more readily soluble on warming; in most organic 
solvents it is insoluble. The acid decomposes without melting on heating.^ 

' German Patent, 269205. The dimeric formula given is based on the dimeric formula 
given in this patent for chloro-m-phenylenestibinic acid. 

* German Patent, 269205. 

VOL. XI. : III. 
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Benzidine yields 4-hydroxydiphenylstibinic acid and not the 
distibijiic acid when diazotised p-aminophenylstibinic acid is coupled 
with it.^ 

Di-p-tolylstibinic acid, 

CH3-<( )>-SbO(OH)-<(^ 


This acid may be prepared by two methods : ^ (1) Tri-p-tolylstibine, 
9 grains, is suspended in 150 c.c. of methyl alcohol and mixed with 
another 30 c.c. of methyl alcohol which has previously been saturated 
with hydrogen chloride. The mixture, through which a current of 
carbon dioxide is passed, is boiled on the water-bath, and after about 
15 minutes a clear solution results. After boiling for I j hours the 
liquid is cooled and made distinctly alkaline with dilute aqueous sodium 
hydroxide. The wdiite precipitate which separates is removed as a 
suspension in ether and added to the solid obtained from the aqueous 
layer by jireeipitation with acetic acid. The prodiK‘t is recrystallised 
from alcohol. (2) A solution of 6 grams of tri-p-tolylstibine in acetone 
is gradually added to a boiling mixture of 113 c.c. of w^ater, 37 c.c. of 
5N sodium hydroxide and 22*5 c.c. of 6 per cent, hydrogen peroxide. 
The solution, filtered from a slight precipitate, is treated with dilute 
sulf)huric acid and the voluminous white precipitate obtained is partly 
dried, w^ashed with warm alcohol, and recrystallised from benzene. 
The acid is a wdiite amorj^hous produc^t, sintering at 230° C. and melting 
at 260° C. It is slightly soluble in hot or (;old alcohol or cold benzene 
and readily soluV)le in hot benzene. 

3: 3': 5: 5'-Tetrachloro-4 : 4'-dimethoxydiphenylstibinic acid, 


r ? 

! CH,0-/ )>. 

j \-/ 

L Cl 


SbO.OH 

2 


This acid occurs when the corresponding stibinic chloride is hydrolysed. 
It is a white amorphous powder, melting with decomposition at* 228° 
to 229° V. In the usual solvents it is insoluble, but it slowly dissolves 
in warm dilute sodium hydroxide. Alcoholic hydrochloric acid re¬ 
converts it into the chloride.’'* 

Di-biphenylstibinic acid,^ 



SbO.OH 

2 


is a white amorphous powder, isolated from the trichloride by the 
action of alcoholic ammonia. It softens above 201° C. and melts with 
decomposition at 204° to 205° C. 


' Riddell and Basterfield, Trans, Boy, Sac, Canada, 1929, [iii], 23 , III, 45, 
“ Goddard and Yarsley, J, Chem. JSoc,, 1928, p. 721. 

» Loloff, Ber„ 1897, 30 , 2840. 

* Worrall, J. Amer. Chem. 1930, 52 , 2046. 
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Stibino-compounds. 

The stibino-compounds may be obtained as follows :— 

(1) By reduction of the corresponding; stibinic acids : 

2KSbO(OH)2 + 4 H 2 —^ llSb -SbR + 

(2) By reducing stibinoxides or dichlorostibines : 

2RSbO + 2 H 2 —> RSb - SbR + 2 H 2 O 
2RSb( l2 + 2 H 2 RSb = SbR + 4HC1 

The products thus obtained readily undergo oxidation, concentrated 
nitric acid causing them to explode. Since mineral acids cause the 
bases to undergo decomposition, it is necessary in the case of aryl- 
dichlorostibines that an excess of alkali hypophosphite be present 
to counteract the effect of the free acid formed. The compounds 
RSb =SbR are dark solids, dissolving in acids giving unstable solutions. 

A number of interesting compounds are also known which possess 
the grouping — As=Sb—. The compounds RSb ^ SbR' tend to be 
yellow, but substitution of arsenic for one of the antimony atoms, 
RAs=SbR', produces orange to yellowish-brown derivatives. 

Stibinobenzene, 

0---KZ> 


Two methods may be used for isolating this derivative : (1)4 grams of 
phenylstibinoxidc in 80 c.c. of acetic acid and 80 c.c. of acetone are 
treated with 12 grams of sodium hypophosphite in 15 c.c. of acetic 
acid at 65° C. After 2 to 3 hours the brown precipitate which is formed 
is washed with methyl alcohol to remove acetic acid and immediately 
dried in a vacuum desiccator. ^ (2) To a solution of 5 parts of phenyl- 

stibinic acid in the calculated quantity of dilute sodium hydroxide 
10 parts of sodium hydrosulphite in aqueous solution arc added with 
stirring. The mixture is then ^vanned at 30° C. for several hours, the 
stibino-compound separating as a yellow prcci})itate, which finally 
becomes brown. The product is collected, dried, and freed from im¬ 
purities by boiling with a mixture of equal parts of benzene and alcohol 
and a little copper powder for several hours. The mixture is then 
filtered and the solvents distilled off, the stibino-compound being 
obtained as a pale yellow powder.^ 

Stibinobenzene darkens and sinters at about 160° C., finally yielding 
a black mass. It is insoluble in water, but dissolves in glacial acetic 
acid and may be recrystallised from chloroform. Oxidation readily takes 
place in air, fuming nitric acid oxidises the compound explosively, and 
hydrogen peroxide in acetic acid solution converts it into phenylstibinic 
acid. 

3 : S'-Diaminostibinobenzene, 



^ Schmidt, Anna/en, 1920, 421 , 221. 
* German Patent, 268451. 
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Three processes have been evolved for the preparation of this compound : 
(1) 3-Aminophenyldichlorostibine hydrochloride, 3*2 grams, is made 
into a paste with 10 e.c. of water and treated with a solution of 10 grams 
of sodium hypophosphite in 25 c.c. of water and 10 e.c. of hypophos- 
phorous acid (density 1*15), the operation being conducted at a tem¬ 
perature of 50° C. in an atmosphere of carbon dioxide. When the 
reaction is complete the solution is cooled, a salt of the base separating 
out. This is dissolved by the addition of water and the solution poured 
into dilute soda solution, when dark brown flocks of the base are pre¬ 
cipitated.^ (2) 3-Aminophenyldiehlorostibine hydrochloride, 128 parts, 
is dissolved in 2000 parts of water containing 64 parts of sodium 
hydroxide. To the solution is added a filtered solution prepared from 
100 parts of sodium hydrosulphite and 50 parts of magnesium chloride 
in 1000 parts of w^ater and 100 parts of 10 per cent, sodium hydroxide 
solution. After a short time a yellow precipitate commences to 
separate, the rate of deposition being increased if the solution be warmed. 
After several hours the thick orange-yellow paste is filtered off and 
w^ashed successively with water, dilute sodium hydroxide solution, 
then w'atcr again, and dried.^ (3) 3-Aminophenyldichlorostibine 
hydrochloride, 32 parts, in 1000 parts of water, is treated with a 
saturated solution of 70 parts of sodium hypophosphite. An excess 
of hypophosphite is used to counteract the tendency of the mineral 
acid ])roduced to decompose the base. The mixture is rapidly heated 
to about 100° C., and poured into ammoniacal ice-water, when the 
stibino-compound is precipitated. The reduction may also be effected 
in methyl alcohol solution. 

3: 3'-Diaminostibinobenzenc is a dark brown powder, sintering 
above 120° C. and forming a black mass. It dissolves ra])idly in hydro¬ 
chloric acid, excess of which precipitates a light brown dihydrochloride. 
Solutions in glacial acetic acid soon become brown. With sulphuric 
acid a sulphate is produced. If an hydrochloric acid solution of the 
base be allowed to stand, decomposition gradually takes place, metallic 
antimony separating out. The base rapidly oxidises in air and explodes 
when treated with nitric acid (density 1*49). Solutions in tartaric* 
acid may be reprecipitated by alcohol, this affording a method for 
purifying the base. The base is converted by acetic anhydride into 
3 : 3'-diacetamidostihinobenzeney a yellow powder, insoluble in water 
and organic solvents.^ 

4 :4'-Diaminostibinobenzene,^ 



-NHjj 


is obtained by reducing 4-nitrophenylstibinic acid with sodium hypo¬ 
sulphite. 

t-Stihinonaphthalene is similarly obtained from a-naphthylstibinic 
acid. 

4 : 4'-Carboxymethylstihinobenzene has been isolated only in an impure 
state. 


^ Schmidt, loc. cit. 

* German Patent, 268451. 

® German Patent, 284231. 

* Riddell and Basterfield, Trans, Roy, Soc, Canada, 1929, [iii], 23 , III, 46. 
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3 : 3'-Diamino-4 : 4'-dihydroxystibinobenzene, 

HO Sb=^8b--< ^ ^ OH 

NhT NHa 

This compound is the analogue of mlvarsa^i"' and is prepared as 
follows: (1) 3-Amino-4-hydroxyphenyldichlorostibine hydrochloride, 

2- 2 grams, is treated with 4 c.c. of acetic acid and 7 c.c. of water, 
followed by a solution of 6*(5 grams of sodium hypophosphite in 18 c.c. 
of water and 6-6 c.c. of hypophosphorous acid (density 1*15). The 
mixture is rapidly filtered and warmed at 80° C. for 45 minutes, the 
operation being conducted in an atmosphere of carbon dioxide. A 
red solid sejjarates, and after several hours cooling in ice, the product 
is filtered off and dried. The substance obtained is a phosphite or 
hypophosphite of the base, and when dissolved in alkali or ammonium 
hydroxide is decomposed on the addition of ammonium chloride with 
liberation of the free base. The product thus obtained is washed and 
dried in vacuo.^ (2) 8-Nitro-4-hydroxyphcnylstibinic acid is dissolved 
ill the solution from 6 parts of sodium hydroxide in 500 parts of water 
and mixed with a solution containing 200 parts of anhydrous sodium 
hydrosulphite in 400 parts of water containing 17 parts of sodium 
hydroxide. The red solution obtained slowly decolorises and a pre¬ 
cipitate separates which redissolves on the addition of more sodium 
hydroxide. The liquid is now heated at 40° C. for several hours, when 
3 : 3'-diamino-4 : 4'-dihydroxystibinobenzene commences to separate as 
a reddish-brown precipitate. When no further deposition is observed, 
the solid is filtered off and washed in the absence of air. 

The stibino-compound is a dark brown powder, very readily oxidised 
and exidoding when treated with nitric acid (density 1*49). It is 
soluble in dilute sodium hydroxide or acids, the solutions being unstable. 
The dihydroefiloride is precipitated from a solution in dilute hydro¬ 
chloric acid by adding concentrated hydrochloric acid, and sulphates 
precipitate an acid sulphate from solutions of the hydrochloride. 
Alkaline hydrogen peroxide converts the stibino-compound into 

3- ainino-4-hydroxyphenylstibiiiic acid. The hydroxyl-group is detected 
by means of ferric chloride, and the amino-group by diazotisation and 
coupling. The base is also readily aeetylated, and it condenses with 
aldehydes. 

3 :3'-Diamino-4-hydroxyarsenostibinobenzene,2 



This derivative is formed by condensing 3-amino-4-hydroxyphenyl- 
arsine with 3-aminophenylstibinous oxide. It is a brown powder, 
insoluble in water, soluble in aqueous sodium hydroxide, giving a 
brownish-red solution in which oxidising agents cause scission of the 
molecule. Hydrogen chloride reacts to form a dihydrochloride, 
4'-Ghloro-3'-amino-4-hydroxyarsenostibinobenzene, 


HO- 



^ Schmidt, AnnaUn, 1920, 421 , 151. 


‘ German Patent, 396697. 
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is the condensation product of 3-amino-4-chlorophenylstibinous oxide 
and 4-hydroxyphenylarsine. It forms a reddish-brown mass, which gives 
a hydrochloride as an orange-yellow powder, fairly stable in air. 
3-Amiiio-4'-acetamido«4-hydroxyarsenostibiiiobenzene, 



from 3-amino-4-hydroxyphenylarsine and 4-acetamidophenylstibinous 
oxide, is a brown powder, soluble in dilute acid or alkali. 

8-Amino-4-hydroxy})henylarsiue also reacts w'ith potassium anti- 
monyl tartrate in acpicous alkali solution to form a dark brown arsenic- 
antimony compound, soluble in acid or alkali.^ This body yields a 
N-hydroxybenzylidene derivatwe when shaken with salicyl aldehyde. 

4-Ilydroxy23heny]arsine in aqueous sodium hydroxides reacts with 
an alkaline antimony solution, prepared from antimony trichloride with 
the addition of glycerol, to form a dark brown arsenostibino-compound, 
soluble in dilute alkali, insoluble in dilute acid. 

4'-Chloro-3 : 3'-diamino-4-hydroxyarsenostibinobenzene, 



is the condensation product of 3-amino-4-hydroxy23henylarsine and 
3-amino-4-chlorophenylstibinous chloride in dilute aqueous hydro¬ 
chloric acid solution.^ 

3 : 3'-Diamino-4 : 4'-dihydroxyar8enostibinobenzene,® 





This compound is of interest since it resembles salv^arsan ” in structure, 
the difference being that one arsenic atom is here rej)laced by antimony. 
Two solutions are pre])ared to isolate this comj)ound. The first con¬ 
sists of 12*8 grams of 3-nitro-4-hydroxyphenylarsinic acid in 300 c.c. 
of water and 8*5 c.c. of 40 per cent, sodium hydroxide, heated to 45® C. 
The second solution is similar to the first, but 15 grams of 3-nitro-4- 
hydroxyphenylstibinic acid replace the arsinic acid. These solutions 
are simultaneously added to 300 grams of sodium hydrosulphite in 
1700 c.c. of cold water, the mixture being stirred during the operation. 
The temperature is gradually raised to 68® C., when the base sef)arates 
out and after 1-5 hours is filtered oft in an inert atmosphere, washed 
with water and finally with methyl alcohol. The base when dry is 
insoluble in neutral solvents. The dihydrochloride is prepared by sus¬ 
pending the base in methyl alcohol and adding 12 c.c. of a 29 per cent, 
solution of methyl alcoholic hydrogen chloride. The solution after filtra¬ 
tion is poured into dry ether or concentrated hydrochloric acid, when 
the salt separates. It is a brownish-yellow amorphous powder, soluble 
in water, the solution having an acid reaction. Sodium hydroxide 

1 German Patent, 397275. 

^ Schmidt, Anncden, 1920, 42X, 232. 

‘ American Patent, 1422294. 
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reprecipitates the base, which is soluble in excess of precipitant. The 
sodium sulphoxylate derivative of the base, 



OH 


NH.CHoO.SONa 


is formed by dissolving 1-9 grams of the dihydrochloride in 0 c.c. of 
methyl alcohol and adding 2 c.c. of a 37*5 per cent, solution of sodium 
sulphoxylate. The mixture is neutralised with sodium carbonate, 
filtered and poured into 400 c.c. of anhydrous alcohol-ether (1 : 1). 
The precipitated product is dried in vacuo. It is obviously impossible 
to ascertain in which amino-group the substitution has occurred. 
4'-Acetamidophenylstibinoarseno-4-phenylglycine,^ 


HO„C.CH,.NH 


As-Sb 


-NH.CO.CH, 


This derivative results when 14 grams of phenylglycine-^-arsinic acid 
in 200 c.c. of water and 100 c.c. of normal sodium hydroxide solution 
are mixed with 15*2 grams of 4-acetamidophenylstibinic acid in 300 c.c. 
of water and 50 (!.c. of sodium hydroxide, and the whole reduced with 
sodium hydrosulphitc. The product is brownish-black, soluble in 
aqueous alkalis or aqueous ])yridinc, but insoluble in water, alcohol 
or acetone. 

4 - Hydroxyphenylarsenostibinobenzene 

Phenylstibinoxide, 2*13 grams, is dissolved in 100 c.c. of hot acetic acid 
and a methyl alcohol solution of 1*7 grams of 4-Jiydroxyphenylarsine 
added. After boiling for a short time the solution is poured into ether, 
the required compound being precipitated as a brown powder, soluble 
in alkalis. 

4 :4'-Dihydroxystibinoarsenobenzene,^ 

HO- _^~As = 8h-< ^ ^ -QH 


Solutions containing, respe(*tively, 12 grams of sodium 4-hydroxy- 
phcnylarsinate in 240 c.c. of water and 13*2 grams of 4-hydroxy- 
phenylstibinic acid in 30 c.c. of water and 50 c.c. of normal sodium 
hydroxide, are mixed together and diluted with 1250 c.c. of water. 
To this solution 250 grams of sodium hydrosulphite are added and the 
whole stirred until no further precipitate separates, the operation being 
completed in about two hours. The product is tlien filtered off, washed 
with water and dried in a vacuum. It is a brownish-black powder, 
insoluble in water, soluble in alcohols, acetone, pyridine and aqueous 
sodium hydroxide. 

3-Amino-4-hydroxyphenylarsenostibinobenzene,^ 


kilo 


1 German Patent, 2702*55. ^ German Patent, 269744. ® German Patent, 270255. 

® German Patents, 269743, 270255, 270259; Ehrlich and Karrer, £er., 1913, 46 , 
3564. 



248 ORGANOMETALLIC COMPOUNDS. 

This derivative may be prepared by either of the following methods : 
(1) 8-Amino-4“hydroxyphenylarsine, 1-9 grams, is dissolved in 30 c.c. 
of methyl alcohol and about 1 c.e. of lOA^ alcoholic hydrochloric acid 
added, oxygen being excluded. To the solution 2-7 grams of phenyl- 
dichlorostibine in methyl alcohol are added, and 500 c.c. of ether stirred 
into the mixture. The hydrochloride of the required base separates 
out as a brown amorphous powder, which is washed with ether and 
drii'd in vactw. (2) 10 grams of 3-amino-4-hydroxyphenylarsenoxide 
in 60 c.c. of methyl alcohol, 200 c.c. of water and 50 c.e. of normal 
sodium hydroxide solution are mixed with 12*3 grams of phenylstibinic 
acid in 300 c.e. of water and 50 c.c. of normal sodium hydroxide. The 
mixture is then treated with 200 grams of sodium hydrosulphite and 
40 grams of magnesium chloride in 1000 c.e. of water and the whole 
stirred at room temperature until a test portion remains clear on 
warming. The pre(*ipitate is filtered off, washed with water and dried 
in vacuo, the yield being quantitative. The product is a brownish- 
yellow jiowder, readily soluble in jiyridinc, aqueous alkalis and methyl 
alcohol. The hydrochloride yields a yellowish-brown addition product 
with gold chloride, and a brownish-green compound with osmium 
chloride, these being soluble in water but insoluble in ether. 

3 - Amino - 4 - hydroxyphenylarseno - 4' - acetamidostibino - 
benzene hydrochloride,^ 


HO 


-A 8 = 8 b*-< 


-NH.CO.CH, 


NHo.HCl 


This com]>ound is obtained in brown Hocks when 1*64 grams of 4-acct- 
aniidophenyldi-iodostibinc ^ in 40 c.e. of acetic acid arc treated with 
0*8 gram of 3-anuno-4-hydroxyphenylarsine in alcoholic hydrochloric 
acid and the whole diluted with ether. It is readily soluble in water 
or methyl alcohol, and gives a clear solution in alkalis, 

3-Amino-4-hydroxyphenylarsenoantimonious acetate hydro¬ 
chloride,^ 


HO- 


As^SbO.CO.OHo 




This is the condensation product of 3-amino-4-hydroxyphenylarsine 
(2 grams), in a little methyl alcohol, with a hot solution of 3*6 grams 
of tartar emetic in acetic acid. After boiling for a minute, brownish- 
yellow flocks separate, which are easily soluble in water, alkalis or 
dilute hydrochloric acid. From the latter solution sulphuric acid 
precipitates a sparingly soluble sulphate, and dimethylaminobenzal- 
(ichyde a sparingly soluble Schiff^s base, 

4-Acetamidophenylarsenoantimonious bromide,^ 


CH8.C0.NH 


-As-SbBr 


4-Acetamidophenylarsine (0*6 part), obtained by the reduction of 
4-acetamidophenylarsinic acid with zinc dust and hydrochloric acid, 
is dissolved in 50 c.e. of methyl alcoholic hydrochloric acid and 1*08 parts 

1 Ehrlich and Karrcr, Ber., 1913, 46 , 3564. a German Patent, 214428. 

« German Patent, 269744. * German Patent, 269743! 
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of antimony tribroinide in 25 e.c. of methyl alcohol added. On pouring 
into ether, a reddish-brown powder of the constitution indicated is 
precipitated. It is soluble in water and dilute hydrochloric acid. 

3 - Amino - 4 - hydroxyphenylarsenoantimonious chloride 
hydrochloride,^ 


HO 


• As^SbCl 


NH3.HCI 


A solution of I gram of 8-amino-4-hydroxyphenylarsine in methyl 
alcohol is mixed with a similar solution of 1*23 grams of antimony 
trichloride. After adding 0-88 gram of crystalline cupric chloride in 
methyl alcohol, the required compound is precipitated in the form of 
its cupric chloride addition compound by the addition of ether. For 
the product obtained when the preparation is carried out in methyl 
alcohol solution containing hydrochloric acid, the following formula 
has been suggested, but it is not supported by analysis : ^ 


U 0 _^-As =- Sb- 

NH2.HCI 


As 


OH 
NH,.HC1 


Bis-3-amino-4-hydroxyphenylarsenoantimonide,*^ 



A solution of 23-8 grams of 3-amino-4-hydroxyphenylarsinic acid in 
400 c.c. of water and 60 c.c. of 2A sodium hydroxide solution is mixed 
with 38*2 grams of tartar emetics in 650 c.c. of water. The mixture is 
then added to a solution of 500 grams of sodium hydrosulphitc and 
100 grams of magnesium chloride in 2500 c.c. of water and the whole 
well stirred at 50° to 55° C. until a test portion remains clear on warming. 
The preci])itate is then filtered off, washed and dried in a vacuum. It 
is a reddish-brown powder, giving clear solutions in dilute hydrochloric 
acid and aqueous sodium hydroxide. 

Bis-4-amino-3-carbomethoxyphenylar8enoantimonide,^ 


_^-As -:8b~Sb = Ai 

COOMe 


NH, 


COOMo 


results when antimonyl chloride is condensed with methyl anthranilyl- 
arsinc in acetic acid solution. It is a brown powder, sparingly soluble 
in water or methyl alcohol. 

4-Arsinophenylstibinous oxide or PhenyUl-arsenoxide-4-stihin- 
oxide 



occurs as a colourless powder when the corresponding acid is reduced 
with sulphur dioxide in the presence of a trace of iodine in methyl 
alcoholic hydrogen chloride solution. Reduction in the absence of 

1 German Patent, 270269. * Ehrlich and Karrer, loc, cit. 

^ German Patent, 270265. * German Patent, 269744. ® German Patent, 397151. 
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iodine gives an intermediate product. Reduction of the oxide by 
phosphorous acid in acetic-hydrochloric acid solution in the })rescnce 
of iodine gives a pale yellow reduction product. This might have any 
of the structures 




Ahtzzzt -: 

As 

As"‘— 

. - Sb 

n 

- - As 

0 ( 

A, 

0 

! 1 

v :._. 

— Sb 

V 






HI) - : 

:Kb 

Sb-.:^. 



Phenylarsinic acid-stibinic acid is reduced by sodium hyposulphite 
to a dark brown product. Reduction of 4-hydroxyphcnyl-l-arsinic 
acid-i^-stibinic acid, HC).(' 6 ll 3 (Sb 03 H 2 )(AsC) 3 H 2 ), by stannous chloride 
and concentrated hydrochloric acid in the presence of a trace of iodine, 
yields an orangc-yeJlow solid, probably i^tiidroLvyphenylstilrinmrsme, 

Azo-compounds. 

Sodium 2-acetamidoazobenzene-5 :4'-distibinate,^ 

SbO(()Na), 

{Na0)20Sb ^ N-N J) 

NHAc 

occurs when diazotised p-aminophcnylstibinic acid is (‘ouplcd with 
sodium p-acetainidophenylslibinate in alkaline solution. 

4-Hydroxybenzeneazo-4' -methoxyphenyl -2' -stibinic acid 



8 b()(OH )2 


is j)rcpared from 3-methoxy-6-acetanudophcnylstibinic acid by hydro¬ 
lysis, diazotisation and coupling with phenol. 

Azobenzene-p-stibinic acid, 

^ N=:N-< ^ ^ -8bO(()H)^ 

is isolated by diazotising and “ stibinating ” p-aniinoazobcn/cne. 
Arsinicstibinic Acids. 

p-Phenylenearsinicstibinic acid, [{CoH4(As02)(Sb02).H20}. 
4H20JaM—p-Aminophenylarsinic acid, 21-7 grams, is dissolved in 
100 c.c. of water and 60 c.c. of bN hydrochloric acid and diazotised. 
To the diazo-solution is added successively 34 grams of tartar emetic 
in 200 c.c. of water and 120 c.c. of 5A ice-cold sodium hydroxide. 
Nitrogen is evolved and the reaction is complete when a test portion 
no longer couples with R-salt. Acidification with dilute hydrochloric 
acid then precipitates the crude acid, which is freed from antimony 
trioxide by stirring the moist paste with 200 c.c. of 5N hydrochloric 

^ Brahmachari and Gnpta, J, Asiatic 8 vc. Bengal, 1929, 25 , 301. 

* Riddell and Basterfield, Trans, Roy. 80 c. Canada, 1929, [iii], 23 , III, 46. 



251 


AROMATIC COMPOUNDS OF ANTIMONY/ 

acid, filtering and washing with similar acid until a test portion of 
the filtrate on dilution is not orange-red when treated with hydrogen 
s\ilphide. The acid may be further purified by forming a paste with 
200 c.c. of hydrochloric acid (density I'lO), th(* product soon dissolving. 
Charcoal is added, the mixture filtered and the filtrate stirred with 
20 c.c. of pyridine and 75 c.c. of Itydrocifioric acid (density 1*19), when 
the pyridine double salt separates. This is filtered off, decomposed by 
water, the solution filtered and the solid dissolved in sodium hydroxide. 
The addition of dilute hydrochloric acid then precipitates pure 
p-phenylenearsinicstibinic acid. This is removed, washed and dried 
at the ordinary temperature, then stirred several times with water, 
washed and dried in air until constant in weight. The acid may also 
be obtained by treating diazotised stibanilic acid (p-amino])henyl- 
stibinic acid) with alkaline arsenite. 

From the first method of preparation about 25 grants of colourless 
powder are isolated. This gives white fumes and a cacodyl-like odour 
when heated on ]}latiimm foil. It is not soluble in the usual solvents, 
but dissolves readily in alkalis and concentrated hydrochloric acid. 
Like the primary stibinic acids it exhibits the phenomenon of gradual 
neutralisation with alkali hydroxide, the rate of neutralisation def)end- 
ing on the concentration of the hydroxyl ions, the temperature and the 
parti(*ular cation. The steps in the process of neutralisation are not 
sulficiently sharply differentiated to allow conclusions to be drawn as 
to the degree of polymerisation of the compound.^ yiwmonium- 
chloride in hydrocdiloric acid solution reacts with the acid to form the 
compound fH 203 As.C 6 H 4 .Sb( 0 II)Cl 3 | 3 [NIl.^] 2 .fiH 20 , a white, crystalline 
product, insoluble in the usual organic solvents, only decomposed by 
water with difficulty and soluble in an excess of dilute sodium hydroxide 
solution. Pyridine hydrochloride reacts with the arsinicstibinic acid to 
form the compound (il 203 As.C' 3 ll 4 .SbCl 4 ) 2 (C 5 ll 5 N.HCl) 3 . 1 ^H 20 . 

4-Hydroxyphenylene-l-arsinic acid -3 -stibinic acid, [{HO. 
CgH3(As02)(Sb02).H20}.3H20]*.—This is formed by the dia/otisation 
of 3-amino-4-hydroxyphcnylarsinic acid and treatment of tlic product 
with tartar emetic in alkaline solution. The acid is j^urified by the 
methods adopted for the preceding acid, which the present compound 
resembles in properties. 

The analysis of these compounds is effected by boiling thenfi with 
a mixture of concentrated sulphuric acid and nitric acid (density 1*49) 
and subsequent treatment of the solution with ammonium sulphate 
until all the residual nitric acid has been destroyed. The arsenic and 
antimony are then estimated in the usual manner. 

3-Nitrophenylene-l-arsinic acid-4-stibinic acid, 



3-Nitro-4-aminophenylarsinic acid is diazotised and treated with tartar 
emetic in neutral or slightly acid solution. The resulting product is 
a brown powder.^ 


1 Sclunidt, Ber., 1924, 57 , [B], 1142. 
* German Patent, 296940. 



252 


ORGANOMETALLIC COMPOUNDS. 


Azo-dyes containing Vntimony.i 

These dyes are prepared by the diazotisation ancl coupling of 
p-aminophenylstibinic acid (stibanilic; acid). The powdered products 
are mostly of brown shades and all are insoluble in water, alcohol, 
acetone, chloroform and benzene, sparingly soluble in phenol, but readily 
soluble in sodium and ammonium hydroxides. They do not melt and 
are not decomposed at 250° C. The disodium salts are obtained in 
solid form as brown scales, dilute solutions of which in water range 
from deep orange-brown to yellow-brown. The solutions dye wool a 
light orange-yellow. The compounds are perfectly stable over a period 
of six months, and are unaffected by light or heat. The salts are 
insoluble in most organic solvents, but are fairly soluble in water- 
alcohol mixtures, precipitating on long standing. The following azo¬ 
dyes are known, the compound with whi(;h the diazotised p-amino- 
phenylstibinic acid is coupled being shown in brackets : 4-hydroxyazo- 
benzene-d'-stibinic acid (])henol); 4-hydroxy-2-chl()roazobenzene-4'-stibi7iic 
acid (o-chlorophenol); 4-hydroxy-3-nitroaz()benzene-4'-stibinic acid 
(o-nitrophenol); 4-hydroxy-3-aminoazobenzene-4'-stibinic acid (o-amino- 
phenol) ; 4- hydroxy - 3 - methylazobenzene - 4' - siibinic acid (o - cresol) ; 
4-hydroxy-3’Carboxyazobenzene-4'-stibinic acid (sali(;ylic acid). The use 
of pyroeatechol does not give the expected })roduct. The general 
formula of the compounds may be represented thus : 

^ -8bO(OH)g 

A 

p-Aminophenylstibinic acid has also been diazotised and coupled 
with the following compounds, the colour of the dye being indicated : ^ 
IHmethylaniline (brown), diethylaniline (purple), a-naphthol-d-sulphonic 
acid (dark red), 2 : 3’aminonaphthol-7-sulphonic add (light reddish- 
brown), 2~7uiphthyla?nine-3 : G-disulphonic add (dark brown), 1 : 8- 
ammo7iaphthoW3 : 6-disuljjho7iic add (sodium salt purple), 2-7iaphthoU 
3 : 6-disulphonic acid (sodium salt orange-brown), and 1 : S-dihydroxy- 
naphthalene-3 : 6-disulphonic acid (sodium salt purple). 


Heterocyclic Compounds containing Antimony. 


Phenylcyclotetramethylenestibine, 


CH2-CH2> 

I 


>Sb.C,H6 


To the magnesium compound from 50 grams of 1 : 4-dibromobutane in 
200 c.e. of anhydrous ether, 40 grams of phenyldichlorostibine dissolved 
in 3 volumes of dry ether are slowly added, the mixture being well 
(;ooled and stirred, and the operation conducted in an inert gas.® 
Fractionation of the resulting product after decomposition gives 
15 grams of the stibine, B.pt. 156° to 158° C. at 20 to 22 mm., nn 1-6318 
and nv-no 0*02737 at 23° C. 


^ Dunning and Reid, J, Amer. Chem, Soc., 1926, 48 , 2969. 
* Ibid., 1927, 49 , 2869. 

® Grttttner and Krause, £er., 1916, 49 , 437. 
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It is a colourless, somewhat viscous oil, of unpleasant odour, and 
becomes cloudy even in the presence of traces of oxygen. When dry 
chlorine is passed into its solution in carbon tetrachloride and the solvent 
removed, the dichloride is obtained as colourless crystals, M.pt. 150° C. 
The dihromide^ prepared in a similar manner, yields colourless needles, 
M.pt. 149° C. 

Phenylcyclopentamethylenestibine, 




CH 




CH,—CH, 




This occurs when the 1 ; 4-dibromobutane in the preceding preparation 
is replaced by 1 : 5-dibromopentane, and 75 grams of phciiyldichloro- 
stibinc yield about 37 grams of the pure stibine. It is a colourless 
viscous oil of faint unpleasant odour, boiling at 169° to 171° C. at 
18 to 20 mm., density 1-4966 at 20° C., nj) 1*6203 and riF-na 0-02412 
at 22-4° C. It dissolves in ether, benzene and carbon tetrachloride, 
is fairly soluble in hot alcohol, sparingly soluble in water. With ethyl 
iodide and mercuric chloride no addition products are formed, but 
atmospheric oxygen (*onverts it in a few hours to 2 )henylcyeh) 2 )enta- 
methylenestibine oxide, C 5 Hio.Sb(CgH 5 ) : O, a colourless powder, un- 
meltcd at 280° C., soluble in alcohol, insoluble in petroleum ether. 
The stibine also yields a dichloride, which is a white crystalline powder, 
M.pt. 141° to 142° C. 

Derivatives of pyridine, quinoline or i 9 oquinoline may be prepared 
by causing the diazotised amino-compounds of such substances to 
react with antimonites or the corresponding free acids. The y)arent 
material may contain substituents, e,g. hydroxy-, amino-, carboxy- or 
phenyl- radicals or halogens. The most advantageous proportions 
appear to be 2 to 3 molecular equivalents of antimonite to# each equi¬ 
valent of heterocyclic compound. Reduction with suitable agents pro¬ 
duces stibino-cornpounds.^ 


Benzknediazomium Chi.oride-Antimony Chloride Internal 
Complex Salts.^ 

p-Chloro-m-amino-benzenediazonium chloride-antimony 
chloride complex salt, 

Cl 

NgCl I 


s'bCla 


p-Chloro-m-aminophenyldichlorostibine hydrochloride, 7 grams, is dis¬ 
solved in about 20 c.c. of methyl alcohol and cooled in ice. Treatment 
with 40 c.c. of 5N hydrochloric acid, followed by 30 c.c. of normal 
sodium nitrite solution, causes the separation of a deep yellow to orange- 
yellow microcrystalline precipitate. After standing for five minutes 

J English Patent, 250287 (1924). 

* Schmidt and Hofmann, Ber,, 1926, 59 , [B], 566. 
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in ice, this product is collected, washed with ice-cold 5N hydrochloric 
acid and dried in vacuo over caustic alkali and sulphuric acid. About 
7 grams of orange-yellow powder result, which is about 100 per cent, 
yield. A somewhat purer product is isolated if an ice-cold solution 
of 7 grams of the stibinc hydrochloride in ,50 c.c. of methyl alcohol are 
treated with an ice-cold solution of 7 c.c. of amyl nitrite in 30 c.c. of 
acetic atad ; the orange-yellow body immediately separates and is 
filtered, washed with acetic acid and dried. The complex salt de¬ 
composes at about 100° C. and explodes with evolution of fumes of 
antimony oxide when heated on platinum foil. It cannot be further 
purified by rccrystallisation. In dry ether or benzene it is insoluble, 
and its solution in rnctliyl or ethyl alcohol decomposes with evolution 
of nitrogen even in the cold. Water, ac^ueous sodium acetate, dilute 
hydrochloric acid and acetic acid cause decomposition in the cold, and 
alkali solutions c*ausc energetic* nitrogen evolution. Alkali-soluble 
stibinic acids are formed in the latter case. 

m-Amino-benzenediazonium chloride-antimony chloride 
complex salt, 



SbCljj 


Owing to the sparing solubility of w-arninophenyldichlorostibine 
hydrochloride, the preparation of the diazo-cornpound is accomplished 
as follows : 7 grams of the hydrochloride are stirred with powdered 
ice and 15 c.c. of 5N sodium hydroxide solution, when a yellow j)rc- 
cipitatc of the oxide separates. This is rapidly brought into solution 
by 50 c.c.^jof 5A ice-cold hydrochloric acid and diazotised by 80 c.c. 
of jiormal sodium nitrite solution. The preei])itated diazo-cornpound 
is immediately collected and washed with ice-cold 5N hydrochloric 
acid (20 c.c.). The product readily decomposes, so that only small 
quantities arc dried. It decomposes at 165° to 167° C. An alternative 
method of preparation consists of treating 16 grams of ?a-aminophenyl- 
dichlorostibinc hydrochloride in 250 c.c. of methyl alcohol and 30 c.c. 
of acetic acid with 8 grams of amyl nitrite. Alkali decomposes the 
complex with evolution of nitrogen and formation of stibinic acids. 

p-Benzenediazonium chloride-antimony chloride complex 
salt, 


N^Cl 

I 



This may be prepared by methods similar to the foregoing. The acetic 
acid in the second method of preparation is replaced by saturated 
methyl alcoholic hydrogen chloride. The product is very unstable and 
reacts with alkali in the usual manner. 









ABOMATIC COMPOUNDS OF ANTIMONY. 


255 


Derivative of 1 ; 4-Benzisoxazine.^ 

A considerable amount of research has been carried out on the 
arsenical derivatives of 1 : 4-benzisoxazine,^ and the present compound 
appears to be the beginning of similar work on antimonials. 

3-Hydroxy-l : 4-benzisoxazine-6-stibinic acid, 

8bO(()H)2 

I 

NH- C.OH 
O-CH 

6-Amino-3-hydroxy-l : 4-benzisoxazine hydrochloride (12 grams), when 
subjected to the Bart-Schmidt reaction, yields 1 -25 grams of the stibinic 
acid as a light brown amorphous powder, insoluble in water and the 
usual solvents, but r(‘adily soluble in dilute alkali solutions. 


Antimony Compounds of the Quinoline Series.® 

The general method of ])reparation for these compounds is as 
follows ; The aminofpiinoline (6 grams or ^’4 gram-molecule) in 
50 c.e. of water and 20 c.c. of hydro(*hlorie acid is diazotised at 0 ® C. 
by 3 grams of sodium nitrite. The diazo-solution is added slowly, 
with simultaneous addition of 20 c.c. of 6N sodium hydroxide, to an 
ice-cold solution pre})ared from 12*6 grams of antimony trichloride, 
20 c.c. of 5N hydrochloric acid and 20 e.e. of glycerol, the resulting 
mixture being treated with 6iV sodium hydroxide until the precipitate 
which forms just rcdissolves, after which the whole is diluted to 800 c.c. 
After standing overnight the solution is filtered and the filtrate acidified 
with acetic acid. The resulting precipitate is suspended in 50 c.c. of 
concentrated hydrochloric acid, the product collected after one hour 
and washed with concentrated hydrochloric acid. The stibinic chloride 
thus obtained free from antimony oxide is decomposed by excess of 
dilute alkali and the stibinic acid precipitated by acetic, acid. 
Ouinoline-5-stibinic acid, 

Sb()(()H)2 

I 



is a buff powder, very sparingly soluble in most solvents, although 
moderately easily soluble in glacial acetic acid and readily soluble in 
dilute acids or alkalis. The analysis corresponds to the formula 
CQHgOgNSb.HgO. The sodium salt is readily soluble in water. When 
the acid in dilute hydrochloric acid is treated at 0 ° ('. 'with concentrated 
hydrochloric acid, a buff microcrystalline powder results; this is 
quinoline-5’Sti(miic chloride hydrochloride, M.pt. 222° i\ 

^ Balaban, J. Ohem. Soc., 1930, p. 1685. 

* See this Volume, Part II, p. 427. 

^ Morgan and Cook, J. Chetn, Soc., 1930, p. 743. These compounds are similar to 
those described for arsenic in this Volume, Part II, p. 419. 
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Ouinoline- 6 -stibinic acid, 



containing a molecule of water, is a buff powder, moderately soluble 
in methyl alcohol and readily soluble in dilute acids or alkalis. The 
sodium salt is a straw-yellow powder, readily soluble in water or alcohol. 
%iinoline-6--stihinic chloride hydrochloride, C 9 H 7 NCl 5 Sb, is a buff micro¬ 
crystalline powder, M.pt. 237° C. 

Quinoline- 8 -stibinic acid, 



occurs in two forms, {a) water-insoluble, (/;) water-soluble. The 
former is prepared in the usual way and the following formula is 
assigned to it, CgHeOgNSb.fHgO. The water-soluble form is pre¬ 
pared by dissolving ordinary purified quinoline-8-stibinie acid in 0*2iV 
acetic acid and evaporating the solution to dryness in a vacuum 
desiccator. The residue is redissolved in water, and the solution again 
evaporated to dryness in vacuo. The resulting light brown powder is 
readily soluble in water, the addition of a drop of sodium hydroxide 
resulting in the precipitation of the insoluble form. The formula of 
this compound by analysis is CgHgOgNSb.IIgO. When concentrated 
hydrochloric acid is added to an ice-cold methyl alcoholic solution of 
the stibinic acid, small brownish needles of quinoline-S-stibinic chloride 
hydrochloride result. These decompose at 200° to 210° C. and have 
the constitution 



Antimonial Analogues of the Carbazole Series.^ 

The scheme on the next page indicates the compounds dealt with 
in this section. 

It should be noted in connection with the nomenclature of these 
compounds that the term “ xenyl ” is employed for diphenylyl and 
“ xenylene ” for the bivalent radical of diphenyl. 

Xenyl-o-stibinic acid, C|,H 6 .C 8 H 4 .SbO(OH) 2 .—o-Aminodiphenyl, 
50 grams, in 300 c.c. of water and 160 c.c. of hydrochloric acid (density 
1*16) is diazotised with 22 grams of sodium nitrite in 100 c.c. of water 
and to the diazo-solution are added 46 grams of antimony trioxide in 
200 c.c. of hydrochloric acid (density 1*126), the temperature being 
maintained between 0° C. and 25° C. Diphenyl-o-diazonium antimony 
tetrachloride separates as a light yellow precipitate, and after washing 

^ Morgan and Davies, Proe, Roy. Soe,, 1930, A, 127 , 1 . 
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with water this is suspended in 1500 c.c. of water containing 300 grains 
of ice, the mixture being cooled to 0*^ C. ; 160 to 200 c.c. of glycerin 
are added and 5N sodium hydroxide slowly introduced with stirring 
until the mixture is faintly acid, about 300 c.c. of alkali being required. 
When frothing ceases, a further 80 c.c. of 5N sodium hydroxide are 
added and the liquid stirred until a sample no longer gives an azo¬ 
coloration with H-acid. The filtered liquid is acidified with dilute 
VOL. XI. : III. 17 
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hydrochloric acid and warmed to complete the precipitation of the 
stibinic acid, which is freed from inorganic antimony compounds by 
repeated M^ashing with hydrochloric acid (density 1*126). The residue 
is extracted with 2-5N sodium hydroxide solution, the extract filtered 
and the filtrate acidified with acetic acid. The precipitated stibinic 
acid dries to a white amorphous powder, sparingly soluble in hot water, 
but separating from boiling alcohol as small, colourless crystals. Warm 
concentrated hydrochloric acid converts the acid into xenyl-o-stihine 
tetrachloride, GoH 5 .G 6 H 4 .SbC’l 4 , a yellow oil which yields xenyl-o-stibine 
ammonium pentachloride, [C 6 H 5 .CeH 4 .SbCl 5 ]Nn 4 , when shaken with a 
saturated solution of ammonium chloride in hydrochloric acid (density 
1126). 

Xenyl-o-dichlorostibine, CeH 5 .C 6 H 4 .SbCl 2 , occurs when a methyl 
alcohol hydrochloric acid solution of the foregoing acid containing a 
trace of potassium iodide is reduced by sulphur dioxide. The resulting 
mixture is extracted with (chloroform ancl the oil obtained from the 
extraction is dissolved in ether and diluted with petroleum (B.pt. 60® 
to 80® C.), when rosc^ttes of colourless needles separate on spontaneous 
ovapcH’ation, M.pt. 76® C. The product is very soluble in ordinary 
organic sohxnts. The diehloride is converted by sodium iodide in 
acetone solution to xenyho-diAodostihine, which 

se])arates from alcohol as dark yellow needles, M.])t. 95® to 96® C. 

Xenylenechlorostibine, 



SbCl 


is obtained by heating xcnyl-o-dichlorostibine at 100° C. under 25 mm. 
pressure, or as follows : 4 grams of xenyl-o-stibinic acid are added to 
10 e.c. of c(dd concentrated sulphuric acid, to which 5 c.e. of the same 
aend are subsequently added. After warming on the water-bath for 
ten minutes the whole is poured into a large volume of water. The 
greyish-white precipitate which forms is washed, dried, and dissolved 
in warm hydrochloric acid with the minimum quantity of methyl 
alcohol. A fragment of potassium iodide is added and sulphur dioxi<le 
passed in until crystals appear. Excess of sulphur dioxide should be 
avoided and the temperature kept down, otherwise the antimony is 
entirely eliminated and diphenyl results. The crystals which deposit 
on standing are reerystallised from alcohol containing animal charcoal. 
The chloride separates as greenish-white acicular crystals, M.pt. 209® C., 
moderately soluble in hot chloroform, alcohol, acetone or benzene, 
less soluble in carbon disulphide or light petroleum. Sodium iodide 
in acetone converts the chloride into xenyleneiodostihine, lemon-yellow 
needles from benzene, M.pt. 222 ° C. 

Xenylenemethylstibine, (CeH 4 ) 2 Sb.CH 3 , is prepared by treating 
the preceding iodide with magnesium methyl iodide. It crystallises 
from petroleum as pale yellowish-white leaflets, M.pt. 57® C. It yields 
a dibromide as a pale yellow microcrystalline powder, M.pt. 207® C., 
slightly soluble in acetone or alcohol but not appreciably soluble in 
other organic solvents. 

Tetrakis-o-xenylstibine oxide, (CeHg.CeHJ^Sb.O.Sb 
(C! 0 ll 4 .C 0 ll 5 ) 3 , is formed when crude xenyl-o-diohlorostibine is digested 
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with warm alkali, but preferably by adding an acetone solution of 
dixenyl-o-chlorostibine to a large volume of water containing sufficient 
ammonia to remain alkaline after heating the mixture on the water- 
bath. The oxide is washed with w^arm water, dissolved in hot acetone, 
and the solution rendered turbid by adding water. Evaporation of the 
solution yields large, colourless, flattened needles, M.pt. 157° C. 

Dixenyl-o-chlorostibine, (('({Il 5 .Cgll 4 ) 2 SbCl.—Crude oify xenyl- 
e-dichlorostibine is poured into water and the liquid made slightly 
alkaline with sodium or ammonium hydroxide. The mixture is then 
warmed on the water-bath and the ])recipitate which forms dissolved 
in hot alcoholic hydrochloric acid, the cliloride separating in colourless 
needles on cooling, M.pt. 125-5° C. It dissolves in most organic solvcTits, 
exce})t light petroleum. The corresponding iodide may be obtained by 
the action of hydriodic acid on the foregoing oxide or sodium iodide 
in acetone on the chloride. It separatees from alcohol or chloroform 
as light yellow prisms, M.pt. 156° to 157° C, Chlorine converts the 
chloride into the trichloride, small colourless needles, M.j)t. 177° C. 

Bis-2 : 2'-xenylenestibine oxide, 



When an acetone solution of xenyh-nechlorostibine is poured into water 
containing a slight excess of ammonia, a white lloccnlent precipitate 
of this oxide separates. It crystallises from alcohol as yellowish-white 
spangles, M.pt. 177° to 179° C., readily soluble in chloroform, l(\ss 
soluble in alcohol, acetone or benzene, and insoluble in water or 2N 
sodium hydroxide. 

Xenylene-o-xenyldichlorostibine, 



When the foregoing trichloride is heated to 50° C. above its melting- 
point under 20 mm. pressure, hydrogen chloride is evolved ; after 
cooling, the residual product is extracted with warm (,*hloroform. 
After removing the solvent the solid is crystallised from chloroform- 
alcohol containing animal charcoal. Small white nodules separate, 
M.pt. 212° C., moderately soluble in organic solvents, except chloroform. 
2 : 2'-Xenylene-o-xenylstibine, 
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occurs when the preceding chloride is suspended in 20 parts of alcohol 
and boiled for two hours with two parts of zinc dust. On filtering 
the (!oncentrated solution large rosettes of colourless needles separate, 
M.pt. 106° to 107° C., readily soluble in organic solvents. 


Water-solubi.e Organic Stibinous Compounds. 

The derivatives licrc ineiitioned have the antimony atom bound 
to at least one carbon atom of an organic radical (preferably phenyl) 
and the remaining bond or bonds of the antimony joined to a sulphur 
atom or atoms, each sulphur atom being attac^hed to the carbon of an 
organic radical containing an acid grouj), which has a free valency bond 
(‘apable of being attached to hydrogen or a metal. ^ 

p-Hydroxyj)hcnyldichlorostibine reacts with two molecular pro¬ 
portions of p-mcrcaptob(mzenesulphonic acid, yielding p-hydroxyphenyl- 
stibinoufi p-thiobenzenesulphonic acid, a white product which docs not 
melt or decompose below 300° C., and yields a sodium salt. A similar 
product results with thioglyciollic acid. p-Ilydroxyphenyldi-iodostibinc 
with thiosalicylic acid gives p-hydroxyphenylstibinous thiosalicylic add, 
insoluble in water or ether, somewhat soluble in acetone or absolute 
alcohol, having an indefinite melting-point, decomposing when heated, 
and forming salts with sodium, potassiuin, calcium, and like metals, also 
with ammonium. Similarly, p-acetylaminophenylstibinous thiosalicylic 
and thioprop)ionic acids are known, melting at about 200° and 105° to 
107° C. respectively. Phenyldi-iodostibine gives phenylstibinous thio- 
benzenesuljdonic acid, unmelted below 300° C., whilst the iodide, 
chloride or oxide may be converted into phenylstibinous thiosalicylic 
acid, M.])t. 186° C. p-AcetylaminopheMylstibinous thiobenzenesulphonic 
acid, p)'(^'f^i'^(^phenylstihinous thiobenzenesulphonic acid, p-aminophenyl- 
sUbinous thiosalicylic acid hydrochloride, the (iorresponding meta- 
compound, and cysteine hydrochloride, give a white, hygroscopic pro¬ 
duct with p-acetylaminophenylstibinous chloride hydrochloride. 

The Estimation of Antimony in Organic Compounds. 

Schmidts Process .—The following procedure is due to Schmidt : ^ 
Mono- and diaryl- stibine oxides, also triarylstibines, containing an 
amino-group substituted in the benzene nucleus, can be estimated 
directly by titration with iodine in very dilute and faintly acid solution. 
A more general process consists of heating to boiling about 0*001 of a 
molecular proportion of the substance, 0*2 gram of sodium chloride 
and 3 grams of sodium bisulphate mixed in a Kjeldahl flask with 1*5 c.c. 
of nitric acid (density 1*49) and 10 c.c. of concentrated sulphuric acid, 
the heating being maintained for an hour. After cooling, a gram of 
ammonium sulphate is added and the whole again boiled for thirty 
minutes. The mixture is then diluted to about 300 c.c., and 20 c.c. 
of 5N hydrochloric acid added, followed by reduction by sulphur 
dioxide in the presence of potassium bromide. The solution is finally 
titrated with iV/10 iodine solution made alkaline to sodium bicarbonate. 

Macallum's Process,^ —The substance, 0*2 gram, is dissolved if 

^ American Patent, 1084920. 

® Schmidt, AnrmUn, 1920, 421 , 244, 246. 

® Maoallum, J, Soc. Chem, Ind., 1923, 49 , 469 T. 
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possible in 10 e.c. of water by addition of alkali, and treated with one 
gram of potassium permanganate and 10 c.e. of concentrated sulphuric 
acid. After heating for a time the mixture is decolorised by boiling 
with 10 to 15 e.c. of hydrochloric acid and diluted with 50 c.c. of water 
and 75 c.c. of hydrochloric acud. The antimony is reduced in the 
(‘ooled solution by shaking for three minutes with 5 grams of potassium 
iodide. After diluting with a further 125 c.c. of water, the solution 
is titrated with A 710 sodium thiosulphate solution, using starch as 
indicator. If a blank be subtracted, each cubic centimetre of thio- 
sulpliate solution is equivalent to 0*006 gram of antimony, or 6 per 
(‘cnt. The <iuinqucvalent antimony in a preparation may usually be 
titrated directly under the foregoing conditions, omitting, of course, 
the permanganate and sulphuric acid.^ 




For readily oxidised antimony compounds the following method 
and apparatus is used, taking as an example dimethylstibinc 
bromide. 2 

Owing to the difficulty of weighing out the dimethylstibinc bromide 
without oxidation taking place, the apparatus shown in the figure was 
designed for the analysis of easily oxidised or spontaneously inflammable 
liquids. 

The apparatus having been filled with nitrogen, the stop-cocks A 
and B are opened, and C, D and E kept closed, the stop-cocks at the 
top of the U-tube also being open. A vacuum of about 60 mm. is 
used and the dimethylstibinc bromide or other antimonial distilled into 
the U-tube. The vacuum is then released with nitrogen, and enough 

^ The following are further references to antimony estimation: Michaelis and Reese, 
Annalen, 1886, 233 , 46; Michaelis and Gcnzkcn, Annalen, 1887, 242 , 168; Loloff, Her., 
1897, 30 , 2835; Rohmer, Ber., 1901, 34 , 1565; Cahen and Morgan, Analyst, 1909, 34 , 3 ; 
Fargher and Gray,«/. Pharm. and Exper. Tkerap., 1921, 18 , 356. 

The following deals with the estimation of antimony in the presence of arsenic: Schmidt, 
Her., 1924, 57 , [B], 1148. 

2 Morgan and Davies, Proc. Boy. 80 c., 1926, A, no, 523. 
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of the bromide for a combustion run into T, the taps C, D and E being 
open. The tap D having been closed, the small tube T is taken out, 
stop])ers placed on both ends, and weighed. The weight of the em})ty 
tube has previously been ascertained. The stoppers are then quickly 
removed, the tap E o})ened, and the tube, after being wrapped in a 
little asbestos paper, is plac^ed in an 18 mm. (‘ombustion tube. 

Liquid antimonials have hitherto been oxidised with nitric acid 
and the antimony estimated as Sb 204 . Some of them, however, react 
too vigorously with nitric acid to permit of this method being used 
with success. Moreover, the process involves very careful control of 
the temperature to which the SbgOg— 81)204 mixture is heated in order 
to obtain only 81 ) 204 . Consequently, the following method has been 
evolved and found to give very consistent results : 

The required amount of antimonial is weighed out and heated in a 
250 c.c. beaker with 15 to 20 c.c. of concentrated sulphuric acid and 
1 to 2 c.c. of nitric atdd (density 1 * 12 ). The amount of nitric acid 
reejuired varies with the percentage of carbon ])resent in the compound 
to be analyst'd. The mixture is heated until 4 to 5 c.c. of the sulphuric 
acid rcjnain. When cool, the liquid is diluted to 50 c.c. and 20 c.c, 
of con(‘entratcd hydrochloric acid arc added, together with 50 e.c. of 
})hosphoric acid (density 1*3). The solution is then treated with 
sulphuretted hydrogen at 100 ° C. until black antimony sulphide is 
obtained, 60 to 70 ( .c. of w^ater arc added, and the gas ])assed in until 
the crystallin(‘ antimony sulphide is completely precipitated. The 
sulphi(lc is filtered into a Gooch crucible, washed with sulphuretted 
hydrogen, and dried in the following manner : The crucible is ])laced 
in the glass tube B shown in the ligure, which is fitted into a copper 
cylinder A. This cylinder is 20 cm. long, has an internal dianieter of 
3*7 cm., and is lined on the inside with thin asbestos paper. Carbon 
dioxide is passed in, and by means of the ring burner C the crucible is 
heat(xi slowly to 120 ° for about half an hour, and then raised to 
280° C., being ke})t at this temperature for 1 1 to 2 hours. 

For the estimation of antimony in trialkylstibines the following 
method has been used : ^ The compound is heated with sodium 
(*arbonate in a stream of oxygen in a combustion tube. The contents 
of the tube are then dissolved in 10 per cent, hydrochloric acid and 
antimony trisulphide precipitated from the boiling solution by passing 
in hydrogen sulphide for 30 minutes. An equal volume of hot water 
is then added to the liquid and the stream of hydrogen sulphide con¬ 
tinued for five minutes. The precipitate is collected on a Gooch 
crucible, washed, dried for two hours at 130° C., then heated for two 
hours at 280° to 300° C. in a carbon dioxide atmosphere and weighed. 

^ Dykr, Davies and Jones, J. Chem, Soc., 1930, p. 463. 



CHAPTER VI. 

ORGANOMETALLIC DERIVATIVES OF BISMUTH. 


Thk element bismuth does not tend to form organomctallie derivatives 
with the same facility as the other members of Group V. In the ease 
of phosphorus pentavalcnt compounds of the ty})e RjjPXg are unknown 
ill the aromatic series, whereas these are the most stable derivatives 
in the case of bismuth. It is more than forty years since any syste¬ 
matic research on aliphatic bismuth (‘onifiounds was carried out, so 
that, whilst giving the data found in the literature, the author would 
not care to vouch for the correctness of some of the work described in 
the light of more modern work on the aromatic series. The aliphatic 
bisniuthines fall into three classes, R^Bi, RgBiX and RBiXg, where X 
is a monovalent element or radical. 

The chief methods of ))rcparing aliphatic compounds of the ty])e 
RgBi are as follows :— 

(1) Zinc dialkyls in dry ether solution arc allowed to react with 
bismuth halides : 

SZnRa 4 2BiX3 - 2R gBi + SZnXg 

(2) Alloys of bismuth and potassium are treated with alkyl iodides : 

KaBi + 3RI - RgBi + 3K1 

The trialkylbismuthines are highly refractive liquids which fume in air 
and have a tendency to explode when heated. Concentrated sul¬ 
phuric acid causes violent decomposition, concentrated hydrochloric 
acid acting with less vigour but with a similar result. Treatment with 
chlorine or bromine eliminates an alkyl radical forming compounds of 
the type RgBiX, and with trimethylbismuthine, methyl iodide at 200® C. 
yields methyldi-iodobismuthine. Menjuric; chloride converts trietliyl- 
bismuthine into ethyldichlorobismuthine, whilst hydrogen sulphide 
breaks it down to bismuth sulphide. 

The second class of compounds, namely RgBiX, although repre¬ 
sented by solid products, is a decidedly unstable (‘lass. The compounds 
are prepared by the halogenatioii of the tertiary bismuthines : 

RgBi+Xg^R^BiX+RX 

The remaining type, RBiXg, occurs when the trialkylbismuthines 
are treated with bismuth halides or mercuric halides : 

RaBi +2BiX3 -SRBiXg 
RaBi 4-2HgX2 =2RHgX ^RBiXg 

In the case of methyldi-iodobismuthine or ethyldi-iodobismuthinc their 
preparation has also been effected by the action of methyl or ethyl 
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iodide on the tertiary bismuthine at high temperatures or, in the latter 
ease, by treating ethyldichlorobismuthine with potassium iodide. Silver 
nitrate replaces the two halogen atoms of ethyldi-iodobismuthine by 
two nitrate radicals. 

Far more information is available in eonnec^tion with aromatic 
bismuthines. The methods available for tlu^ preparation of compounds 
of the type RaBi arc as follows :— 

(1) Ileating together an arjd bromide and sodium-bismuth alloy 
for a long period. This method gives yields as high as 75 per cent. : 

NajjBi + 3RBr == RgBi f SNaBr 

(2) The interaction of aryl magnesium halides and bismuth halides, 
the yield being about 60 per cent. : 

.‘iMgRX + BiXg = RaBi -i- SMgXg 

(3) Mixing dry ether solutions of mercury diphenyl and bismuth 
lu’omide gives qxiantitativc yields of triphonylbismuthine. This 
method is undoubtedly ap])licable to other aromatic bismuthines, the 
obvious drawback being the preparation of th('> mercury diaryls, which 
would involve as much dilliculty as using methods (1) or (2) above : 

SRgHg + 2BiX3 == 2R3Bi + BHgXg 

(4) Heating mercury diphenyl with metallic bismuth in a stream 
of hydrogen for ten minutes, the yield being 41 per cent. : 

3R gHg + 2Bi = 2R3Bi -f 3Hg 

(5) The removal of the halogen from triarylbismuthine dihalides 
by means of sodium hydrosulphite, aqueous or alcoholic alkali, or 
moist silver oxide. 

Only one mixed tertiary bismuthine is known, namely, diphenyl-a- 
naj)hthylbisnuithinc. It may be obtained by the interaction of tri- 
phcnylbismuthiiie and tri-a-naphthylbismuthine, or l>y the following 
Grignard reactions : - 

(CeHJ^BiBr + C,oH,MgBr==(Cyi3)3(CioH7)Bi +MgBr3 
CioH^BiBr^ + 2CeH3MgBr = + 2MgBr2 

The reactions of various substances with triphenylbismuthine are 
shown in the table on opposite page, and are typical for the type R 3 Bi. 

Aryldihalogenobismuthines are few in number and tend to be 
unstable, especially in the presence of moisture. They are formed 

(1) When triarylbismuthines are treated with bismuth halides: 

RgBi + BiXg - RgBiX + RBiX^ 
2 R2BiX-RBiX2+R3Bi 

(2) By the addition of halogens to diarylhalogenobismuthines : 

R gBiX + Xg = RBiXa + RX 

(3) By the decomposition of dry triarylbismuthine dihalides by 
heat. All the products in this class are solids. 

The compounds of the type RgBiX share the property of instability 
possessed by the RBiXg derivatives. They occur along with com- 



REACTIONS OF TRIPHENYLBISMUTHINE. 


Reacting Substance. 

Resulting Products. 

References. 

Chlorine or bromine. 

Triphenylbi.smuthine dichloride or 
dibromide. 

Michaolis and Marquardt, 
Annalm, 1889, 251 , 323. 

Iodine. 

Diphenyliodobismuthine and iodo- 
benzone. 

Gillmeister, jRer., 1897, 
30 , 2843; (Uiallenger 
and Allpress, Trans. 
Chem. Soc., 1916, 107 , 
16. 

Iodine moriochloride 
or monobroniide. 

Diphcnylehlorobismuthine or di¬ 
phenyl bromobismuthine and 

iodo benzene. 

Challenger and Allpress, 
ibid. 

Cy a n ogon iodide. 

Diph enylcy an o bi.smuthine an d 

iodobenzene. 

do. 

Thiocyariogcn. 

Diplienylthiocyanobismuthine, bis¬ 
muth thiocyanate, polymerised 
thioeyauogen and phenyl thio¬ 
cyanate. 

Challenger and Wilkinson, 
Trans. Chmn. Soc., 
1922, 121 , 91. 

Thiocyanic acid. 

Diphenylthiocyanobismuthiiie. 

(yhallengor, Smith and 
Baton, ibid.y 1923, 123 , 
1054. 

Acetyl chloride or 
benzoyl chloridci. 

Diphenylchlor obisra uthine an d 

aeeto- or benzo- phononc. 

Challenger and Ridgway, 
ibid., 1922, I2I, 104. 

Phosphorus tri- 
chlorido. 

Diphenylchlorobismuthino and 

phen y Idi ch lorophosph ine. 

do. 

Arsenic trichloride. 

Dipheny Ichlorobismuthiiie, phenyl - 
dichloroarslne and diphonyl- 
chloroarsine. 

do. 

Antimony trichloride. 

Diplienylchlorobismuthine and tri- 
phenylstibine dlchloride. 

do. 

Bismuth trichloride. 

Dipheny Ichlorobismuthine. 

do. 

Bismuth tribromide. 

J^henyldibromobismuthine. 

Challenger and Allprcss, 
iM., 1921,119,919. 

Mercuric chloride. 

Di pheny lehl orobismut hine and 

phenyl mercuric chloride. 

Challenger and Ridgway, 
loc. cit. 

Silver nitrate. 

Compound AgN 03 . 2 AgC 6 H 5 ? 

do. 

Cupric chloride. 

Diphenylchlorobismuthine and 

cuprous chloride. 

do. 

Thallic chloride. 

Diphenylchlorobismuthino and 

thallium diphenyl chloride. 

Goddard, ibid., 1922, 121 , 
36. 

Stannic chloride. 

Tin diphenyl hydroxychloride and 
tin diphenyl dichloride. 

Challenger and Pritchard, 
ibid., 1924, 125 , 804. 

Silicon tetrachloride. 

Diphenylchlorobismuthine. 

do. 

Titanium tetra¬ 
chloride. 

do. 

do. 
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pounds of the type RBiXg when bismuth halides react with triaryl- 
bisniuthines. The iodo-compounds are formed also by treating the 
type 1138 ! with iodine. Iodine monochloride or cyanogen iodide also 
removes an aryl group from triarylbismuthines: 

RgBi+ICl^RoBiCURl 
RgBi + CNI - R“BiC N + RI 

Bismuth halides interact with lead tetra-aryls to yield similar products : 
R^Pb + BiXa = RgBiX + RgPbXg 

Certain triarylbismuthine dibromides when boiled in dry benzene 
eliminate aryl bromide : 

RgBiBrg ^RaBiBr + RBr 

The halogen may be removed from triarylbismuthine dihalides by 
salts such as potassium cyanide or lead thiocyanate : 

RgBiXg + KCN == RgBiCN + KX + RX 
RgBiXa +Pb{( NS )3 -RaBiCNS + PbX^ + RCNS 

The pcntavalcnt bismuth derivatives, RgBiXg, form a relatively 
stable class of compounds. The most important members are the 
dichlorides, RgBiClg, and the dibromides, RgBiBrg, since from these 
substances most of the other compounds in the class may be derived. 
Chlorine and bjominc add on directly to triarylbismuthines in dry 
solvents : 

R3Bi +Cl2(or Btg) =R3BiCl2(or Brg) 

These two halogens may be replaced by other elements or radicals by 
treatment with such inorganic salts as potassium fluoride or silver 
salts : 

RgBiClg + 2 KF ^RgBiFg +2KC1 
RgBiCJg +2AgN03 =R3Bi(N03)2 + 2 AgCl 

Solution in concentrated sulphuric acid produ(‘es sulphates, with 
elimination of halogen acid : 

RgBiCla + H 2 SO 4 = R3BiS04 + 2HC1 

Treatment with sodium hydroxide, followed by carbon dioxide, yields 
carbonates : 

RgBiBrg -[RgBiCOH)^] -> RgBiCOg 

The carbonates dissolve in acids to yield other salts ; in the case of 
acetic acid the diacetate is formed. The latter also occurs when an 
acetic acid solution of a triarylbismuthine dihalide is heated with lead 
acetate. Moist ammonia converts the dihalides to hydroxyhalides, 
R 3 Bi(OH)X. It is noteworthy that no di-iodides have been isolated, 
iodine always causing the elimination of aryl groups. Certain of the 
dihalides have been nitrated, but the investigation is as yet not 
sufficiently advanced to call for special comment regarding the position 
of the nitro-groups. The following table shows the typical reactions 
of the type RgBiXg* 



REACTIONS OF BISMUTHINE DERIVATIVES OF 
THE TYPE RsBiXg. 


Bismuthinc. 

Reacting Sub¬ 
stance. 

Resulting Products. 

Refkuences. 

Triphenylbismuthine 
dichloridc or di- 
bromidc. 

Moist silver oxide 
or aqueous or 
alcoholic potiis- 
aium hydroxide. 

Triphenylbismuthine and 
silver halide or potas¬ 
sium hahMe. 

Cballenger and 
Goddard, 
Trans. Chrm. 
Soc,, 1920, 

117 , 762. 

Triphciiylbismnthin<‘- 

dichloride. 

Concent ratinl sul¬ 
phuric acid. 

Triphenylbismuthine sul¬ 
phate and hydrogen 
chloride. 

do. 

do. 

Moist ammonia. 

Triphenylbismutliino hy- 
droxyehloride. 

do. 

do. 

p-Tolyl magnesium 
bromide. 

Tri phe ny 1 bi smu th i ne. 

do. 

Triphcnylbismutliine 

hydroxychloride. 

Miithyl magnesium 
iodide. 

Triphenylbismuthine di- 
chloride and tri phenyl- 
bismut hi no. 

do. 

Tripheny 1 bism ut h i ne 
difliioridc. 

Phenyl magnesium 
bromide. 

Tripheny 1 bismuthinc and 
tluorobenzene. 

Cballenger and 
Wilkinson, 
ibid., 1022 , 
121 , 01 . 

Triphenyl bismuthino 
dichloridc. 

Potassium hydro¬ 
gen thioride. 

Triphenylbismuthine. 

do. 

do. 

Potassium cyanide. 

Diphenyleyanobis- 
niu thine. 

do. 

do. 

Lead thiocyanate. 

Diphenylthiocyanobis- 

muthine. 

do. 

Tri-a-iiaphthylbis- 
niuthiiie di(3hloride. 

Moist silver oxide. 

Tri-«-naphthylbis- 

muthine and silver 
chloride. 

(’lialkmger and 
(ioddard, lac. 
(it. 

do. 

Potassium cyanide. 

Tri-a-naphthylbis- 

muthine and potassium 
chloride. 

Challenger and 
Wilkinson, 

1 (jc. cii. 

do. 

Potassium thio¬ 

cyanate. 

Tri-rz-naphthylbis- 

muthine, bismuth oxy¬ 
chloride, and potas¬ 
sium chloride. 

do. 

do. 

Lead thiocyanate. 

Tri-a-naphtliylbis- 

muthine, a-naphthyl 
thiocyanate and lead 
chloride. 

do. 

Tri-a-naphthylbia- 
mufchine dibromide 

Mercury diphenyl. 

Tri-a-naphthylbis- 

muthine, diphenyl-a- 
naphthylbismuthine, 
mercury di-a-naphthyl, 
phenylmercuric brom¬ 
ide and bromoben- 
zene. 

Challenger and 
Allpreas, ibid., 
1021, Z19, 

OLS. 
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Aliphatic Compounds of the Type RgBi. 

Trimethylbismuthine» (CH 3 ) 3 Bi. -This compound may be iso¬ 
lated ^ by the interaction of bismuth bromide and zinc dimethyl in 
dry ether solution. The ether is distilled off in a cai-bon dioxide 
atmosphere, and after treatment of the residue with caustic soda, the 
bismiithine is distilled off in a curretit of hydrogen. 

A more recent method of preparation is as follows : 50 grams of 
crystalline bismuth trichloride are dissolved in 150 grams of 20 per 
('cnt. hydrochloric acid aiifi shaken in a stream of carbon dioxide with 
60 grams of aluminium carbide, whitdi is slowly added in j^ortions of 
5 grams. The reaction takes about three hours to complete, after which 
the product is extracted three times with 200 e.e. of ether in an atmo- 
sphere of carbon dioxide or hydrogen, the ether then being removed 
in vacuo at 10 ° C. A yield of about 20 grams of trimethylbismuthinc 
results from the foregoing (quantities. 

Trimethylbismuthinc is a transparent, highly refractive licquid, 
distilling in an indifferent gas stream at about 110 ° C., but exploding 
violently on heating in air. It fumes in air, and the vapours attack 
the mucous membranes. It is readily oxidised. It has a density of 
2-60 at 18° C. It is easily soluble in ether, alcohol, acetic acid or 
petroleum ether, insoluble in w^ater, but decomposed on long boiling 
with the latter; it is volatile in steam. Contact with concentrated 
sulphuric acid causes explosion, but concentrated hydrochloric acid 
reacts as follows : - 

(CH 3 ) 3 Bi +81IC1 -BiClg 

Treatment with chlorine or bromine yi(dds compounds of the type 
RgBillal., and the type RHiHal .2 is produced by the action of bismuth 
chloride or bromide or mercuric halides. It does not react with methyl 
iodide at 150° C., but at about 200 ° C. ethane and methyl di-iodo- 
bismuthine are produced. 

Triethylbismuthine, {U 2 H 5 ) 3 Bi, has been obtained by the action 
of ethyl iodide on potassium-bismuth alloy,® and from bismuth bromide 
and zinc diethyl. It is a fuming oil, distilling unchanged at 107° C. 
at 79 inm., and exploding when heated in air at ordinary pressures.^ 
Its density is 1*82. Its solubility and behaviour towards halogens is 
vsimilar to that of the methyl compound. Evaporation of its ether solu¬ 
tion in the presence of air leads to the formation of bismuth hydroxide, 
and if the solution be saturated with hydrogen sulphide, bismuth 
sulphide separates. If to a warm dilute alcoholic solution of tricthyl- 
bismuthinc a similar solution of mercuric chloride is added, a precipitate 
of mercurous chloride is thrown down; but if the order of addition is 
reversed, ethylmercuric chloride and ethyldichlorobismuthine are pro¬ 
duced : 

(C2H5)3Bi +2HgCl2 =2C2H5HgCl + C2H5BiC4 

Triethylbismuthine sulphide, (€ 2115 ) 31118 .—It has been stated 
that an ether solution of triethylbismuthine, when saturated with 
hydrogen sulphide, yields bismuth sulphide. When the latter is filtered 
off and the mother liquor treated with water, a yellow powder is 

^ Marquardt, Bcr., 1887, 20 , 1516. * Hilpert and Ditmar, Ber., 1913, 46 , 3738. 

® Breed, Annalm^ 1852, 82 , 106. * Dunhaupt, Annalm, 1854, 92 , 371. 
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formed, insoluble in water but easily soluble in ammonium sulphide. 
This approximates to the composition (C 2 H 5 ) 3 BiS.Bi 2 S 3 . 

Tri-isobutylbismuthine/ (C 4 H 0 ) 3 Bi, is prepared in a similar way 
to the methyl derivative, from zinc di-f.9obutyl and bismuth bromide, 
the reaction mixture being treated with sodium hydroxide, when the 
bismuthine separates out as an oil. It is a colourless liquid, B.pt. 
160° to 162° C. at 7.1 mm., having a faint odour, fuming in air and 
burning with a dull yellow flame. Even when distilled under reduced 
pressure it partially decomposes, with se])aration of metallic bismuth. 

Tri-isoamylbismuthine, (G 5 Hii) 3 Bi, has similar properties to the 
foregoing compound, and distils in a ('arbon dioxide atmosphere at 
190° to 200 ° C. at 70 mm. 

Alipiiatk^ Compounds of the Type B2BiX. 

Dimethylchlorobismuthine,^ (Cn3)2BiCl. —When trimethylbis- 
imithine in petroleum ether is chlorinated, the solution being well 
cooled, the mono(!hloro-compound separates out as a white micro- 
crystalline powder, which melts at 116° C. in a scaled tube. It is 
easily soluble in alcohol, but not in ether, and cannot be rccrystalliscd 
Avit hout decomposition. 

Dimethylbromobismuthine, (CH 3 ) 2 BiBr, is obtained in a similar 
manner to the chloro-compound, the operation being carried out in 
a carbon dioxide atmosphere. It resembles the chloride in properties. 

Dimethylhydroxybismuthine, (CH 3 ) 2 BiOH.—When trimethyl- 
bismuthine (2 mots.) and bismuth bromide (1 mol.) are allowed to 
react in ether solution, an oil is produced, which yields the hydroxide 
when treated with water. The compound is not stable when dry, and 
with hydrochloric; acid it reac'ts as follows:— 

(CH3)2BiOH + 3 HC1 ==2C H4 + BiC^ + U^O 

When lieatcd with methyl iodide at 100 ° C., rnethyldi-iodobisinuthine 
is formed, and with ammonium hydroxide or alcohol bismuth hydroxide 
is precipitated. 

Diethylbromobismuthine, (C' 2 H 6 ) 2 BiBr, is prcpar(;d in a similar 
manner to the methyl compound, and is a white powder, igniting in 
air, with the formation of bismuth oxide. 

Di-isobutylbromobismuthine,® (C 4 H 0 ) 2 BiBr, is obtained by 
bromination of the tertiary bismuthine in a carbon dioxide atmosphere. 
It forms white crystalline tablets, which are easily soluble in alcohol, 
but soluble with difficulty in ether or petroleum. On exposure to the 
air or on heating it burns with formation of bismuth oxide. 

Di-isoamylbromobismuthine, (C 5 Hii) 2 BiBr, has not been isolated 
in a pure state, the product obtained forming white crystals, easily 
soluble in alcohol, but soluble with difiiculty in ether. 

Aliphatic Compounds of the Type BBiXg. 

Methyldichlorobismuthine, CH 3 .BiCl 2 .^—This compound is 
formed according to the equation ; 

(CH3)3Bi +2BiCl3-3CH3.BiCl2 


^ Marquardt, Ber,, 1888, 21 , 2035. 
» Marquardt, Bcr., 1888, 21 , 2036. 


Marquardt, Ber., 1887, 20 , 1516. 
Marquardt, Ber., 1887, 20 , 1616. 
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To a solution of bismuth chloride in acetic acid the calculated quantity 
of trimethylbismuthine is added, the methyldichlorobismuthine separat¬ 
ing out as yellowish-white plates, M.pt. 242° C. These are somewhat 
soluble in alcohol or acetic acid, but insoluble in ether. 

Methyldibromobismuthine, CHg.BiBrg, is prepared in the same 
way as the preceding compound, using bismuth bromide. It is a yellow 
powder, M.pt. 214° C., soluble with difhculty in alcohol, acetic acid or 
benzene, and insoluble in ether. 

Methyldi-iodobismuthine, CHg.Bilg, may be prepared by the 
usual method or by the interaction of trimethylbismuthine and methyl 
iodide at 200 ° C, It forms brick-red crystals, melting without decom¬ 
position at 225° C., somewhat soluble in alcohol, soluble with difficulty 
in hot acetic acid, and insoluble in ether. 

Methylbismuthine oxide, CHg.BiO.—Two molecular equivalents 
of trimethylbismuthine in ether solution are treated with four equivalents 
of bismuth bromide, and the precipitate obtained, after washing with 
ether, is dissolved in alcohol. Addition of ammonium hydroxide to 
the solution precipitates the oxide, which is insoluble in water and 
soluble with diflicnlty in ammonia, but dissolves in dilute hydrochloric 
acid. It soon deconi])oses on warming or standing in the air. 

Ethyldichlorobismuthine, C’gHg.BiClg, may be prepared in a 
similar manner to the methyl compound, or by the aedion of mercuric 
chloride on alcoholic tricthylbismuthine. It crystallises in plates, 
which yield ethyldi-iodobismuthine w^hen treated with potassium iodide. 

Ethyldi-iodobismuthine,^ C2H5.I5il2, may be prepared (1) by the 
action of aqueous potassium iodide on ethyldichlorobismuthine, (2) by 
treating triethylbismuthinc with ethyl iodide at a high temperature. 
It forms seven-sided golden-yellow plates, which are easily soluble in 
alcohol, soluble with dilliciilty in ether, and very slightly soluble in 
w^ater. When an aqueous alcohol solution of the compound is treated 
with a slight excess of sodium hydroxide, a yellowish-white precipitate 
appears, which is not stable in the air w^hen dry, and is probably ethyl- 
hisniuthine oxide,, since it forms salts with acids. The alcoholic di- 
iodobismuthine solution, treated with hydrogen sulphide, deposits 
bismuth sulphide, and with silver sulphate the organic bismuth sulphate, 
presumably formed, deeoni])oses when the solution is concentrated. 

Ethylbismuthine ditiitrate, C 2 ll 5 .Bi(N 03 ) 2 .—When the fore¬ 
going di-iodo-eomj)oimd is treated with alcoholic silver nitrate, the 
silver iodide filtered oft and the filtrate concentrated, the cooled liquid 
solidifies to a crystalline mass, which on gentle warming explodes. 
Analysis shows the crystals to be the dinitrate. 

isoButyldibromobismuthine, C 4 H 2 .BiBr 2 , prepared from tri- 
tcvobutylbismuthine and bismuth bromide, crystallises in honey-yellow 
monoclinic prisms, w^hich are readily soluble in alcohol or acetic acid, 
but soluble with difficulty in ether. It is unaffected by air, and melts 
at 124° C. When heated with methyl or ethyl iodide in a sealed tube 
at 150° C. the principal products appear to be trimethylbismuthine or 
tricthylbismuthine, not wbutyldi-iodobismuthine, which is unknown. 

i 8 oAmyldibromobismuthine,C 5 Hii.BiBr 2 .—The product obtained 
melts at 184° C., but cannot be completely freed from bismuth bromide; 
the determination of the metal is therefore high. 

^ Compare Dtinhaiipt, Anncitsn, 1854, 92 , 371. 



ORGANOMETALLIC DERIVATIVES OP BISMUTH. 


271 


Aromatic Compounds of the Type RgBi. 
Triphenylbismuthine, 

[0]f 

may be obtained in a variety of ways : (1) By heating together equal 
weights of bromobenzene and sodium-bismuth alloy for a prolonged 
period. The yield is about 75 per cent.^ (2) By the action of phenyl 
magnesium bromide on bismuth chloride or bromide.^ To the solution 
from 11 grams of bromobenzene and 2*5 grams of magnesium in dry 
ether, 10 grams of anhydrous bismuth bromide are slowly added, the 
whole being cooled in water during the addition. The mixture is then 
heated for two hours on the water-bath, cooled and decomposed with 
water, the ether layer being separated off and dried. Distillation away 
of the solvent yields 0*5 grams (53 per cent.) of the crude bismuthine.^ 
(3) When 3-5 grams of mercury diphenyl and 1*5 grams of bismuth 
bromide are mixed in dry ether, 1*6 grams of triphenylbismuthine are 
isolated, the yield being quantitative.^ (4) By heating mercury 
diphenyl and metallic bismuth in a stream of hydrogen at 250° C. for 
ten minutes a 41 per cent, yield of the bismuthine is obtained.® 

Triphenylbismuthine crystallises from ether or alcohol in colourless 
needles, M.pt. 78° C. Michaelis ® states that it exists in two forms, 
melting at 75° C. and 78° C. respectively, but this observation has 
never been substantiated. When treated with chlorine or bromine in 
suitable solvents it yields triphenylbismuthine dichloride or dibromide 
respectively, but with iodine, only diphcnyliodobisrnuthine is produced, 
the pentavalent derivative in this case appearing to be unstable. 
With concentrated hydrochloric acid the bismuthine is decomposed, 
yielding benzene and bismuth (chloride, and this reaction appears to 
be a general one, which may be used for the detection of aromatic 
bismuthines. An ether solution of triphenylbismuthine, when treated 
with bismuth bromide, is degraded to phenyldibromobismuthine,’ 
and with bismuth chloride the diphcnylchloro-compound is produced.® 
When a benzene solution of triphenylbismuthine is refluxed with 
(wanogen iodide, diphenylcyanobismuthine is formed, and acetyl and 
benzoyl chlorides react with production of diphenylchlorobismuthine 
and acetophenone or benzophenone respectively, the operation being 
conducted in carbon tetrachloride. 

Tri-p-chlorophenylbismuthine,® 



^ Michaelis and Polis, Ber,, 1887, 20 , 52. 

® Pfeiffer and Pietach, Ber,, 1904, 37 , 4620; compare Stilp, Inaug. THsserL Rostock, 
1910. 

* A slightly better yield is obtained if, instead of decomposing the mixture after 
heating on the water-bath, the ether first be distilled off and the residue baked on the 
water-bath for a day before decomposing it.— Author. 

* Challenger and Allpress, Trans. Chem. 80 c., 1921, 119 , 913. 

« Hilpert and Griittner, Ber., 1913, 46 , 1675. 

^ Michaelis and Polis, loc. ciL 
^ Michaelis and Marquardt, AnnaUn, 1889, 251 , 323. 

* Challenger and Allpress, Trans. Chem. Soc., 1915, 107 , 16. 

® Challenger and Ridgway, Trans. Chem. Soc., 1922, 121 , 104. 
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is prepared by treating the ether solution of magnesium p-chlorophenyl 
bromide from 50 grams of j^j-chlorobromobenzene, 6-3 grams of mag¬ 
nesium and 0*5 gram of iodine, with 24*6 grams of bismuth chloride in 
dry ether. When the reaction subsides the ether is removed and the 
mixture heated at 100° C. for four hours, then treated with water, 
phenyl halides or diphenyl derivatives being removed in steam, and 
the filtered residue extracted with acetone. The material deposited 
from the latter solvent on recrystallisation from ethyl acetate-acetone 
mixture melts at 116° C. The bismuthine is readily soluble in most 
organic solvents, but sparingly solubk* in alcohol or light petroleum. 
With hydrochloric acid it yields cdilorobenzene, and its behaviour 
towards the halogens is similar to that of triphenylbismuthine. 

Tri-p-bromophenylbismuthine, 



is isolated as a white, granular powder, by the interaction of magnesium 
/)-bromophenyl bromide (3 mols.) and anhydrous bismuth bromide 
(1 mol.). It melts at 149° C. and has a similar solubility to the chloro- 
derivative. 

Tri-p-nitrotriphenylbismuthine,^ 





Pi 


A solution of 2 grams of tri-p-nitroplienylbismuthine dichloride in 
10 c.c. of acetone is cooled to 0° C, and treated with 8 grams of sodium 
hydrosulphite. The yellow precipitate is removed at 0° C., washed 
thrice with water, dissolved in acetone and tlie solution allowed to 
evaporate spontaneously. The residue is heated to boiling in alcohol, 
the solution filtered and partly evaporated, a white powder resulting, 
Reerystallisation from acetone gives a product melting at about 121° C. 
The compound tends to decompose on standing. 

Tri-o-tolylbismuthine,2 


Bi 


is obtained (1) by heating o-bromotoluene and sodium-bismuth alloy 
in the presence of ethyl acetate for a long time at 180° to 200° C., (2) 
from o-tolyl magnesium bromide and bismuth bromide. It forms 
rhombic crystals, M.pt. 128*5° C., soluble in ether, benzene, chloroform 
or ligroin, less soluble in alcohol. When its alcohol solution is treated 
with mercuric chloride in the same solvent, a mercurichloride is pre¬ 
cipitated, (C 7 H 7 ) 3 Bi.HgCl 2 . This separates from hot acetic acid as 
fine white needles, M.pt. 148° C. 



^ Supniewski, Rocz, Chem., 1925, 5 , 298; Supniewski and Adams, J, Afner. Ohem, 
JSoc„ 1926, 48 , 507. 

2 Gillmeister, Ber., 1897, 3 a, 2843; Stilp, liuiug. Disnert. Rostock, 1910. 
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Tri-m-tolylbismuthine,i 



L CH* J 3 


crystallises from acetone or alcohol in white needles, M.pt. 65*^ C.^ 
Tri-p-tolylbismuthine,* 



gives transparent prisms, M.pt. 119° to 120° C., easily soluble in 
benzene, chloroform or ligroin, sparingly soluble in alcohol. The yield, 
using the Grignard reaction for the preparation, is about 55 per cent. 
It forms a mercurichloride^ which separates from hot acetic acid in 
glistening plates, M.pt. 234° C., readily soluble in chloroform, insoluble 
in alcohol or ether. The bisrnuthine reacts with thallie chloride to 
yield di-jp-tolylchlorobismuthine and thallium di-p-tolyl chlorick*.'^ 

Tri - 2 - ni trotri - p - tolylbis muthine, ® 



NO2 J 


Bi 


» 


is a yellow com{)ound formed in a similar manner to the phenyl 
derivative. When purified from ethyl acetate it melts at 126° C. 

Tri-o-anisylbismuthine,® 



isolated from o-anisyl magnesium bromide and bismuth bromide, using 
iodine as a catalyst, may be crystallised from chloroform or benzene. 
It is a white crystalline powder, M.pt, 168° to 170° C., easily soluble in 
benzene, sparingly soluble in alcohol or ether. 

Tri -p -anisylbismuthine, ^ 



may be obtained (1) by heating jo-bromoanisole with sodium-bismuth 
alloy at 180° C., (2) from p-amsyl magnesium bromide and bismuth 
bromide, the product separating from alcohol-benzene as fine white 

1 Challenger and Allpress, Trans. Chem. JSoc., 1921, 119 , 913. 

* Supniewski and Adams {loc, cit.) state that the purification of this compound from 
the Grignard reaction mixture is difficult owing to the trouble caused by the low-melting 
solid containing traces of toluene and w-bromotoluene. The purest product results 
when crude tri-m-tolylbismuthine is converted into its dichloride and the latter reduced 
with sodium hydrosulphite. Such a preparation, when reorystallised from ligroin, melts 
at 68 ° C. 

* Stilp, loc. cit. 

^ Goddard and Goddard, Trans. Chem. 8oc.^ 1922, 121 , 266. 

* Supniewski, loc. cit. ; Supniewski and Adams, loc, cit. 

® Stilp, loc. cit.; Supniewski and Adams erroneously claim to bo the first investigators 
to obtain this compound. 

’ Gillmeister, Ber., 1897, 30 , 2843; Stilp, Inattg. Dissert. Rostock, 1910. 
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yellow felted needles, M.pt. 234® to 235® C., readily soluble in benzene, 
toluene, carbon tetrachloride or chloroform, sparingly soluble in ligroin, 
alcohol or ether. Its mercuricMoride forms silvery, glistening plates, 
M.pt. 193° C., soluble in chloroform or acetic acid, insoluble in alcohol 
or ether. The bismuthine reacts with thallic chloride in ether solution 
yielding di-a-naphthylchlorobismuthine and thallium di-a-naphthyl 
chloride.^ 

Tri- jS-naphthylbismuthine, 



results when the a-bromonaphthalene in the foregoing preparation is 
rej)laccd by jS-bromonaphtlialene. It sej)arates as white, glistening 
crystals, M.pt. 89° C., soluble in benzene, ligroin, chloroform, alcohol 
or ether. 

Diphenyl-a-naphthylbismuthine,^ 



may be isolated (1) by treating a“na})hthyl magnesium bromide with 
diphenylbromobismuthine, (2) from phenyl magnesium bromide and 
a-naphthyldibrornobismuthine, (3) when triphenylbismuthinc (2 mols.) 
and tri-a-naphthylbismuthine (1 mol.) {irc heated together at 190° C. 
for two hours. The compound melts at 118° to 119° C\, and is readily 
soluble in benzene, chloroform or toluene, less soluble in alcohol or 
ether. With warm concentrated hydrochloric acid it yields benzene 
and naphthalene. 

Tri-a-thienylbismuthine,® 

CH—CH CH—CH 

II II II II 

CH C-Bi-C CH 



occurs in 60 per cent, yield when 20 grams of a-iodothiophene, 3 grams 
of magnesium and 6 grams of bismuth trichloride in 30 c.c. of ether, 
are allowed to react in 100 c.c. of ether. After boiling for two hours 
to complete the reaction, the mixture is allowed to stand overnight, 
then worked up in the usual mariner. A slightly better yield results 
when a-bromothiophene is used. The bismuthine separates as rhombic 
crystals, M.pt. 137*5° C. (corr.), only sparingly soluble in ether, insoluble 
in petroleum ether. The product is best crystallised by solution in a 
little warm benzene and addition of four parts of petroleum ether. It 
slowly undergoes oxidation in the presence of air. 

^ Goddard and Goddard, Tram, Chtm, Soc., 1922, I2i, 266. 

* Challenger, Tram, Chem. Soc,, 1914, 105 , 2210. 

* Krause and Renwanz, Ber., 1929, 62 , [B], 1710. 
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Aromatic Compounds of the Types RBiX^ and RgBiX. 
Phenyldibromobismuthine,^ 


When 1*5 ^rams of triphenylbismuthine in ether are treated with 
3 grams of bismuth bromide in the same solvent, yellow crystals of 
the dibromobisrnuthine are deposited. These, when reerystallised from 
benzene, melt at 202° C. The same compound when prepared from 
diphenylbromobisrnuthine by the addition of one molecular proportion 
of bromine in dry chloroform, melts at 205° to 200° C. 
p-Chlorophenyldibromobismuthine,^ 



is the decomposition product formed when di-p-chlorophenylbromo- 
bisniuthine is boiled in benzene; a poor yield also occurs when tri-p- 
chlorophenylbismuthine is treated with bismuth bromide : 

(C6H4Cl)3Bi + BiBrg = (C6H4Cl)2BiBr + (6H4Cl.BiBr2 
2(CeH4(l)2BiRi’ 6H4Cl.BiBr2 +Bi(CWl^ 

The bismuthine is only slightly soluble in hot benzene or hot chloroform, 
and almost insohible in all other solvents. It decomposes on standing 
for a few hours. 

p-Tolyldichlorobismuthine,® 


obtained from tri-jo-tolylbismuthine and bismuth chloride, separates 
from benzene as yellow needles, M.pt. 206° to 207° C., almost insoluble 
in most organic solvents. It is decomposed by alcohol or moist 
solvents and with hydrochloric acid forms toluene and bismuth chloride. 
During its preparation di-p-tolylchlorobismuthine is also obtained. 
a-Naphthyldibromobismuthine, 



may be prepared from tri-a-naphthylbismuthine (1 mol.) and bismuth 
bromide (1 mol.) in ether solution, or by heating dry tri-a-naphthyl- 
bismuthine dibromide for half an hour at 100° C., moisture being 
excluded. The compound forms deep orange crystals, M.pt. 208° C., 
is soluble with difficulty in benzene and practically insoluble in other 
solvents. 

1 Challenger, Trans. Ckem. Soc., 1914, 105 , 2210; Proc. Chem. Soc., 19*14, p. 229 ; 
Challenger and Allpresa, Trans. Vhem. Soc., 1921, 119 , 919. 

* Challenger and Ridgway, Trans. Chem. 80 c., 1922, 121 , 104. 

’ Challenger and Allpress, Trans, Chem. Soc., 1921, ZZ 9 , 913. 
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Diphenylchlorobismuthine,^ 

[o]r' 

When an ctlier solution ot‘ triphenylbismuthine is treated with bismuth 
chloride in the same solvent, the monochlorobismuthine is deposited 
as colourless crystals, M.pt. 181*° to 185° C., readily soluble in dry 
chloroform, benzene or toluene, but only slightly soluble in light ])etro- 
leum or ether. The compound also results when iodine monoehloride 
acts on triphenylbismuthine or diphenyl-a-naphthylbismuthine.^ Traces 
of moisture cause decomposition, and it is therefore essential to re¬ 
crystallise the bismuthine from specially dried solvents. 

Diphenylbromobismuthine, (C 6 ll 5 ) 2 BiBr,® may be obtained by 
the foregoing methods, or by the interaction of lead tetraphenyl and 
bismuth bromide: ^ 

(C eH5)4Pb + BiBr3 ^ 

It is a heavy yellow powder, M.})t. 157° to 158° C., readily soluble in 
dry chloroform, but !iot soluble in ether, and de(‘omposcd by alcohol, 
which converts it into bismuth oxybromide. Triphenylbismuthine 
dibromide, when boiled with dry benzene, gives a good yield of diphenyl¬ 
bromobismuthine. 

Diphenyliodobismuthine, (CeIl 5 ) 2 BiI.® —This compound occurred 
as the result of an attempt to prepare triphenylbismuthine di-iodide 
from triphenylbismuthine and iodine : 

(C,ll,),Bi +12 = (i\n,),Bil + CeH^I 

It forms yellow needles, M.pt. 133° C., which may be recrystallised 
unchanged from dry chloroform, benzene or acetic acid, but are decom¬ 
posed by moisture, yielding bismuth oxyiodide and benzene : 

(( eH5)2BiI +H 2 O -2CeIl6 + BiOI 

Diphenylcyanobismuthine, (CgIl 5 ) 2 BiCN.—When triphenylbis¬ 
muthine and cyanogen iodide (Ij: mols.) are refluxed in benzene, the 
cyano-derivativc is isolated as small transparent needles melting with 
decomposition at 210° C. The same product is obtained when an 
aqueous alcohol solution of triphenylbismuthine dichloride is heated 
with potassium cyanide.® It is sparingly soluble in benzene or alcohol 
and practically insoluble in ether or light petroleum. If its alcohol 
solution be concentrated, the compound is decomposed, triphenyl¬ 
bismuthine being produced. 

Diphenylthiocyanobismuthine, (CeH 5 ) 2 BiCNS, obtained from tri¬ 
phenylbismuthine dichloride and lead thioc^yanate, forms pale yellow 
crystals of the monoclinie system ; the axial ratios a : b : c = 2*4969 : 1 : 
3*0590, and the axial angle j8-75°54'. It melts at 122° to 122*5° C. 

^ Michaelis and .Reese, Annalen, 1886, 233 , 58. 

* Challenger and Allf>ress, loc. cit. 

* Michaelis and Marquardt, Anjialerif 1889, 251 , 327. 

* Goddard, Ashley and Evans, Trans. Chem. Soc., 1922, I 2 i, 978. 

* Gillmeister, i?cr., 1897, 30 , 2843; Challenger and AJlpress, Trans. Chem, Soc., 1915, 
107 , 16. 

* Challenger and Wilkinson, Trans. Chem. Soc., 1922, I2i, 91. 
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and is soluble in the usual organic solvents with the exception of light 
petroleum. 

Di-p-chlorophenylbromobismuthine,^ 

occurs together with p-chlorophenyldibromobismuthine when tri-p- 
ehlorophenylbismuthine (2 mols.) in dry ether is tre^ated with a similar 
solution of bismuth bromide (1 mol.). When crystallised from ether 
it melts at 159® C., and is readily decomposed by water and moist 
solvents. Warm alcoholic ammonia regenerates the tri-|;-(*hlorophenyl“ 
bismuthine. A solution of the bromo-dt^rivative in hot dry benzene 
deposits a yellow' solid, M.pt. 244® C. 

Di-p-chlorophenyliodobismuthine, (C6H4(1)2BiJ, results from 
the interaction of iodine and tri-p-chlorophenylbismuthine. It is a 
yellow' solid, M.pt. 113® C., readily soluble in chloroform or ether. On 
recrystallisation from chloroform-light j)etroleum, dry solvents (free 
from alcohol) being used, a red solid containing organic matter and 
readily soluble in most solvents is deposited with ycilow c*rystals 
melting at 139® C. 

Di -p -tolylchlorobismuthine,^ 



obtained in the usual manner, (‘lystallises from dry chloroform-ether 
in trans])arent crystals, M.])t. 181® C., nio(i(‘rately soluble in hot benzene 
or chloroform, and almost insoluble in ether or light petroleum. 

Di-a-naphthylchlorobismuthine, (C|oIl 7 ) 2 BiCl, forms line yellow 
needles, M.j)t. 1(18® C., moderately soluble in dry benzene or chloroform, 
but only soluble to a slight extent in light })ctroleum or ether. The 
compound is extremely susce})tible to traces of moisture, and even 
after kcejiing for a short time in a closed vessel loses its yellow colour 
and smells of najdithalene. 


Aromatic Compocnds of the Type RaBiXg. 
Triphenylbismuthine difluoride,^ 



When triphenylbismuthine diehloride is boiled with excess of potassium 
fluoride in alcoholic solution containing a little water, the diehloride 
gradually disappears and is replaced by the difluoride. The latter 
melts at 158*5® to 159® C., is readily soluble in ehloroform, acetone or 
ether, but less soluble in light petroleum. The crystals, which belong 
to the monoclinie system, give the axial ratios a : h :c=2*()2()l : 1 : 
1*1163, and the axial angle j8 —85°42'. The fluorine may be removed 
from the compound by boiling wdth calcium or barium oxide in aqueous 
solution, and with sulphuric acid hydrogen fluoride is liberated. 

^ Challenger and Ridgway, loc. cit. 2 Challenger and Allpress, loc, cit, 

• Challenger and Wilkinson, Trans, Chem, Soc., 1922, I2I, 91. 
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Triphenylbismuthine dichloride, (( 8115 ) 33102,1 occurs when 
chlorine is passed into a solution of triphenylbismuthine in etluT, 
petroleum ether, chloroform or carbon tetrachloride. It crystallises in 
stout needles, M.})t. 126^ (\, soluble in alcohol, chloroform or benzene, 
practically insoluble in ether or petroleum ether. Moist silver oxide, 
alcoholic potassium hydroxide,^ jiotassium cyanate and other inorganic 
salts reacd with the dichloride giving varying yields of triphenyl- 
bismuthinc. When a chloroform solution ol‘ the dichloride is treated 
with moist ammonia, one chlorine atom is removed and triphenyl¬ 
bismuthine hydroxyehloride results. When the diehloride is added to 
eon<*entrated sulphuric acid it yields triphenylbismuthine sulphate and 
hydrogen chloride is evolved. A dry benzene solution of the diehloride 
when boiled undergoes partial decomposition with formation of diphenyl- 
(dilorobisrnuthine. 

Triphenylbismuthine dibromide, (C'8ll5)3Bi3r2, is obtained by 
direct bromination of triphcaiylbismuthine. It melts at 122^ C., and 
the value 128° to 124° C. has also been recorded, the rate of heating 
appearing to account for the discrepancy. It forms yellow crystals 
which are unstable in the presence of moisture, and (^ven when heated 
at 100° C. for twenty minutes in a scaled tube the odour of broino- 
benzene is a])])arcnt. When boiled in dry benzene, dij)henylbromo- 
bisrnuthine is produced, and with moist ammonia the hydroxybromidc 
is obtained. With amnioniacal hydrogcji sulphide bismuth sulphide 
is quantitatively precipitated. If the dibromide is tn^ated with the 
Grignard reagent, compounds of the types RgHi ami RgBiX are isolated. 

Triphenylbismuthine hydroxyehloride, (U8H5)3Bi(OH)Cl.'* - 
When the corresponding diehloride is dissolved in chloroform contain¬ 
ing a little light petroleum and moist ammonia is passed in, a white 
solid is deposited. This is collected and washed first with cold water 
and then with hot water to remove the ammonium chloride formed. 
The hot water produces effervescence and evolution of chloroform, 
which is apj)arently present as “ chloroform of ery.stallisation.” The 
pure compound is a white powder, M.])t. 160° to 161° C., completely 
soluble in cold chloroform, hot alcohol or nitrobenzene, moderately 
soluble in benzene, xylene, acetone or ether, and insoluble in water 
or light petroleum. When treated with methyl magnesium iodide only 
triphenylbismuthine and its diehloride are obtained. 

Triphenylbismuthine hydroxy bromide, (C6H5)3Bi(Oil)Br, is 
prepared by the method detailed for the preceding compound. It is 
a yellow powder, M.pt. 147° to 148° C., resembling the hydroxyehloride 
in solubility. 

Triphenylbismuthine dinitrate, (CoH 5 ) 3 Bi(NO.j) 2 ,^ is deposited 
when alcohol solutions of the diehloride or dibromide and silver jiitrate 
are mixed, filtered, and the filtrate concentrated. It crystallises in 
colourless needles which explode on heating and are soluble in chloro¬ 
form or benzene, less soluble in cold alcohol. With hydrochloric acid 
the diehloride is regenerated. 

Triphenylbismuthine carbonate , (C gll 5 ) gBiC O 3 . ^—Tri phenyl- 

^ Michaelis and Marquardt, Annalen, 1889, 251 , 323. 

2 Challenger and Goddard, Trans. Chem. Soc., 1920, 117 , 762. 

® Challenger and Goddard, ibid. 

* Michaelis and Marquardt, Annalen, 1889, 251 , 323. 

* Michaelis and Marquardt, ibid,\ Challenger and Goddard, Trans. Cham, Soc., 1920, 
H7, 766. 
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bismiithme dibromidc is suspended in alcohol and treated with an 
excess of solid sodium hydroxide, the whole being vigorously shaken 
during the operation. Carbon dioxide is then passed through the 
solution, the prcci}>itatc filtered off, washed with cold water and then 
boiled with water until a test portion of the liquor is halogen-free. 
The carbonate is a white powder, insoluble in organic solvents and 
yielding other salts with acids, carbon dioxide being evolved. 

Triphenylbismuthine diacetate, (CeH 5 ) 3 Bi(OCOCH 3 ) 2 ^.—Tri- 
phenyl bismuthine carbonate is dissolved in hot glacial acetic acid, the 
solution cooled and treated with water. A white precipitate is obtained 
which melts at 162° C. and is com})lctely soluble in warm ethyl acetate, 
cold (diloroform, nitrobenzene or warm xylene, moderately soluble in 
warm benzene, acetone, carbon tetrachloride or alcohol, insoluble in 
water or light petroleum. If the a(‘etic acid solution of the acetate is 
allowed to stand for several days without the addition of water, long 
transparent needles separate, which soften at 130° C. and melt at 
136° to 137° C. This substance is an acid acetate, 2 C 22 H 2 i 04 Bi.C 2 H 402 , 
and when triturated with water the normal acetate (M.pt. 162° C.) is 
obtained, which, if dissolved in acetic acid and allowed to crystallise, 
again yields the acid acetate. 

Triphenylbismuthine sulphate, (C 3 H 5 ) 3 BiS 04 .—The correspond¬ 
ing dichloridc is dissolved in concentrated sulphuric; acid, the tempera¬ 
ture being maintained at about 10 ° C., and after drawing air through 
the solution to remove hydrogen chloride, the mixture is poured on 
iec;. The solid is well washed with water and extracted with boiling 
chlorolbrm. The sulphate is a white solid, not melting at 300° 
and practically insoluble in organic solvents. 

Dinitrotriphenylbismuthine dinitrate, (C 6 H 4 N 02 ) 2 (CeH 5 ) 
Bi(N 03 ) 2 ,^ is isolated by nitrating triphenylbismuthine dinitrate or 
dichloride with “ mixed acid ” (2 parts H 2 SO 4 : 1 part IINO 3 ), efficiently 
cooling the mixture. The mixed nitro-compounds thus obtained are 
extracted with hot chloroform, and from 10 grams of the mixed com¬ 
pounds 3 grams of the pure dinitro-compound result. It crystallises 
from chloroform in pale yellow prisms which explode at about 150° C. 
and are soluble in acetic acid, but insoluble in ether, petroleum ether 
or carbon disulphide. It soon decomposes in contact with cold alcohol, 
the odour of nitrobenzene becoming apparent. The addition of am¬ 
monium sulphide to an alcoholic ammonia solution of the nitro-com- 
pound causes complete decomposition. 

Dinitrotriphenylbismuthine dichloride, (CeH4N02)2(C8H5)BiCl2, 
occurs when the foregoing compound in acetic acid solution is treated 
droj^wise with concentrated hydrochloric acid. The white precipitate 
which is formed is filtered off, washed with water and crystallised from 
benzene, fine needles, M.pt. 186° C., being deposited. On rapid heat¬ 
ing the compound explodes. It dissolves readily in chloroform or 
benzene, is sparingly soluble in ether or acetic acid, insoluble in petro¬ 
leum ether. When treated with ammonium sulphide it decomposes. 

Trinitrotriphenylbismuthine dinitrate, (CeH 4 N 02 ) 3 Bi(N 03 ) 2 .^ 
—To 100 c.c. of fuming nitric acid, previously cooled to 0° C., 10 grams 

^ Challenger and Goddard, loc. cit. 

* Gillmeister, Ber,, 1897, 30 , 2843. 

* Supniewski, Bocz. Chem., 1925, 5 , 298; Supniewaki and Adams, J, Amer, €hem^ 
80 c., 1926, 48 , 507. 
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of triphenylbismuthine dinitrate are added and the mixture placed in 
an ice-chest for twelve hours. The precipitate then produced by pour¬ 
ing the solution into 500 c.c. of ice water is filtered off, washed with 
water, dried and recrystallised from ethyl acetate. A pale yellow 
product results, which explodes when heated at about 147° C. Further 
recrystallisation from acetic acid lowers the melting-point to about 
140° C., and the compound no longer explodes. Subsequent crystallisa¬ 
tions cause further falls in the melting-point, indicating decomposition 
of the compound. 

Trinitrotriphenylbismuthine dichloride, (CgH4N02)3BiCl2, 
occurs when the preceding compound in acetone is boiled with con¬ 
centrated hydrochloric acid. The diehloride is precipitated by the 
addition of a large bulk of water, dried, and recrystallised from ethyl 
acetate, when it melts at 182° to 134° 

Triphenylbismuthine dicyanate, (CgH 5 ) 3 Bi(OCN) 2 .^—The corre¬ 
sponding dichloride (1 mol.) and silver cyanatc (2 mols.) are shaken 
together in dry ether for four hours. The insoluble residue is ex¬ 
tracted with chloroform and the resulting solid is twice crystallised 
from chloroform-light petroleum, the product melting at 128*5° to 
129° C. The dicyanate evolves ammonia when wanned with aqueous 
alcohol (1 : 1), and when heated to 150° C. it decomposes, yielding a 
pungent oil. 

Triphenylbismuthine dibenzoate, (C 6 H 5 ) 3 Bi(OCOC 6 H 5 ) 2 , is the 
product of reaction between triphenylbismuthine and benzoyl peroxide 
or between tri])henylbismuthine diehloride and silver benzoate. It is 
a pale yellow solid, M.pt. 171*5° C. 

Tri-o-tolylbismuthine diehloride,^ 



occurs when dry chlorine is passed into an ice-cooled solution of tri- 
o-tolylbismuthine in alcohol. It separates from alcohol-chloroform as 
white, rhombic crystals, M.pt. 162° C., soluble in warm benzene, chloro¬ 
form or acetic acid, insoluble in cold alcohol or petroleum ether. 

Tri-o-tolylbismuthine dibromide, (CeH 4 .CH 3 ) 3 BiBr 2 , separates 
from benzene in pale yellow needles, M.pt. 127° C., slowly decomposing 
in the air. 

Tri-o-tolylbismuthine dinitrate, (C 3 ll 4 .CH 3 ) 3 Bi(N 03 ) 2 ,^ is pre¬ 
pared in the usual manner and decomposes with explosion and without 
melting on heating. It separates from chloroform or benzene in 
rhombic crystals. 

Trinitrotri-o-tolylbismuthine diehloride, (CH3.C6H3.N02)3 
BiClg,^—mixture of 10 grams of dry tri-o-tolylbismuthine diehloride 
and 10 grams of finely powdered silver nitrate is dissolved in 60 c.c. of 
fuming nitric acid at 0° C. After twelve hours water is added, the 
precipitate filtered off and extracted with acetone to remove organic 
matter from the silver chloride. The acetone solution is boiled with 
hydrochloric acid and the precipitate which forms is recrystallised 

^ Challenger and Wilson, J. Chem, Soc., 1927, p. 209. 

* Gillmeister, J?cr., 1897, 30 , 2843; Stilp, Inaug, Dissert. Rostock, 1910. 

* Gillmeister, loc, cit. 

* Snpniewski and Adams, loc. cU, 
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from ethyl acetate. The product thus obtained melts at 149° to 150° C. 
and is very unstable, decomposing on standing and always possessing 
an odour of nitrotohu'iie. 

Tri-o-carboxytriphenylbismuthine dichloride, (C 6 H 4 .COOH )3 
liiClgj is the oxidation product of tri-o-tolylbismuthine dichloride using 
chromic acid in glacial ac^etic acid solution at 68° to 70° C. for the 
purpose of oxidation. The yield is only about 15 per cent. The 
product is white and melts at 157° to 159° ('. 

Tri-m-tolylbismuthine dichloride, 



obtained in the usual manner, separates from acetone as white crystals, 
M.pt. 182° to 188° C. 

Tri-m-tolylbismuthine dibromide, (C\jIl 4 .CH 3 ) 3 HiBr 2 , melts at 
52° C., and (annot be ])urified by crystallisation, as it rapidly decom¬ 
poses in the air.^ 

Tri-m-tolylbismuthine diacetate, (C 6 H 4 .CH 3 ) 3 Bi(OrOCn 3 ) 2 .— 
A solution of 10 grams of tri-m-tolylbismuthine dihalide in 150 c.c. of 
glacial acetic acJcl is heated under ndlux with an excess of a saturated 
solution of lead acetate in glacial acetic^ acid. The lead halide is 
filtered off and the filtrate, on (‘ooling, deposits white crystals. Purifi¬ 
cation from acetone gives a product of Jticlting-j)oint 148° to 149° C. 

Tri-p-tolylbismuthine dichloride, 



crystallises in line white needles from chloroform-alcohol, M.pt. 147° C., 
readily soluble in benzene, chloroform or hot alcohol, but sparingly 
soluble in ether, petroleum ether or cold alcohol. 

Tri-p-tolylbismuthine hydroxychloride, (CH 3 .C 6 H 4 ) 3 Bi(OH)C], 
is obtained by prolonged boiling of the foregoing dichloridc in very 
dilute alcohol. It is a white crystalline powder, M.pt. 154° C. with 
d<x*om})osition. 

Tri-p-tolylbismuthine dibromide, (CH 3 .C 3 H 4 ) 3 BiBr 2 , crystal¬ 
lises in glistening yellow needles from a mixture of benzene and alcohol. 
It melts at 111° to 112° C. and has a similar solubility to the corre¬ 
sponding phenyl compound. 

Tri-p-tolylbismuthine hydroxybromide, (CH 3 .CeIl 4)3 
Bi(OII)Br, is a yellow powder, M.pt. 140° C. 

Tri-p-tolylbismuthine dinitrate, (CH 3 .CeH 4 ) 3 Bi(N 03 ) 2 , pre¬ 
pared in a similar maimer to the phenyl compound, forms glistening 
needles or leallets, exploding on heating and readily soluble in chloro¬ 
form, sparingly soluble in alcohol, 

Tri-p-tolylbismuthine diacetate, (CH3.C3H4)3Bi(0€0CH3)2,® is 
obtained by a similar method to that detailed for the corresponding 
m^<a-compound. It forms white crystals, M.pt. 162° C. 

^ Challenger and Pritchard (Tram. Chem. Soc.^ 1924, 125 , 869) give the melting- 
point as 92“^ C. 

2 Michaelis and Marquardt, loc. cit.; Supniewski, he. cit. 

® Snpniewski and Adams, loc. cit. 
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Tri-p-carboxytriphenylbismuthine dichloride, (( ^114.00011)3 
BiClg-—A solution of 2*2 grams of tri-p-tolylbisjnuthiiie diohloride in 
BO c.c. of acetone is prc])ared, aiid also a 2-5 per cent, aqueous solution 
of 4*4 grams of ])otassium permanganate. These two solutions are 
added alternately in small (quantities at a time to 50 e.(*. of water in 
a flask until the reaetion is eompl(*te. During the operation the tem¬ 
perature must be kept below 20® 0. I'he reaetion mixture is finally 
shaken for half an hour, filtered from manganese dioxide, and the 
organic matter precipitated from the filtrate' by the addition of‘ 10 per 
cent, hydrochloric acid. The yit'ld is about 1 gram, and the melting- 
point 180® V. When the eom])ound is dissolved in water containing 
sodium or potassium hydroxide, the addition of acetone or alcohol 
preciq^itates the eorresjionding alkali salt in crystalline form. 

Tri-p-carbomethoxytriphenylbismuthine dichloride, 
(C 6 H 4 .CO 2 C- 113 ) 3111 ( 10 , o(.*eurs when the foregoing acid in absolute 
methyl alcohol saturated with hydrogen chloride is allowed to stand 
for two hours. The yic'ld is jioor and the })roduet forms white crystals 
from methyl alcohol, M.pt. 103® C., which }m'(‘i])itate bismuth hydroxide 
on warming with alcohol. 

Trinitrotri-p-tolylbismuthine dinitrate, (Giljj.CeHa.NOg)^ 
Bi(N 03 ) 2 .—This is pn^pared in a similar manner to the ])hcnyl eorn- 
j^ound, by nitrating tri-y;-tolylbismuthinc dinitrate. The nitration 
requires tw'o hours at room temperature'. The product is a white 
crystalline q^owTler, which, after crystallisation from acetone or ethyl 
acetate, explodes at about IGO® (X 

Trinitrotri-p-tolylbismuthine dichloride, ((’H3 .Gq113.N02);j 
BiClg, isolated in the usual manner, is a wliite ))Ow^der, wdiieh can be 
purifU'd from acetone, and melts at 156® U. 

Trinitrotri-p-carbomethoxytriphenylbismuthine dinitrate, 
(N 02 .C 6 H 3 .C 02 ('H 3 ) 3 Bi(N() 3 ) 2 , is formed by nitration with himing 
nitric acid at 0® (!., and se})aratcs from acetone as a white crystalline 
powder which explodes at 150® to 100® ('. 

Trinitrotri-p-carboxytriphenylbismuthine dichloride, 
(N 02 .Cen 3 .C 0 . 2 lI) 3 Bi(l 2 , occurs when the foregoing dinitrate is boiled 
for an hour with 10 q)cr cent, hydrochloric acid. The j)rodiiet is filtered 
off, dissolved in acetone and boiled with concentrated hydrochloric 
acid. As the solution cools a white q^reeipitate is def)osited, which is 
purified by crystallisation from acetone. It nu'lts with dccornqjositioii 
at 250® to 260® C. 

Tri-o-anisylbismuthine dichloride, (CH 30 .(\iH 4 ) 3 BiCl 2 ,^ pre- 
q)ared by qmssing chlorine into a solution of tri-o-anisylbismuthine in 
dry carbon tetrachloride, is a white crystalline substance, M.q)t. 174® C. 

Tri-o-anisylbismuthine dibromide, ((Jl 3 ().C<jH 4 ) 3 BiBr 2 , M.q^t. 
101® C., cannot be reerystalliscd owing to its tendency to change to 
the hydroxy bromide. It is readily soluble in benzene, ligroin or 
chloroform, sparingly soluble in alcohol, insoluble in ether or qietroleum 
ether. 

Tri-p-anisylbismuthine dichloride, (CH 30 .(!eH 4 ) 3 BiCl 2 ,‘'^ is 
readily soluble in benzene or chloroform and melts at 133® ('., but 
treatment with alcohol causes decomjjosition with formation of bismuth 
oxychloride. 

Tri-p-anisylbismuthine dibromide, (CH 30 .C 6 H 4 ) 3 BiBr 2 , has a 

^ Stilp, loc. cit, 2 Gillmeister, loc. cit. 
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similar solubility to the foregoing dichloride. It forms yellow needles, 
M.pt. 103® C. It is not decomposed by boiling alcohol, and is stable 
in air. Ammonium sulphide decomposes it with formation of bismuth 
sulphide. 

Tri-p-cumylbismuthine dichloride, (G3Tl7.CgH4)3BiCl2> P^e- 
])are(l in the usual manner, melts at 208® C. and is soluble in most 
organic solvents. 

Tri-p-cumylbismuthine dibromide, (C 3 H 7 .C 3 H 4 ) 3 HiBr 2 , melts 
at 150® C. 

Tri -m-xylylbismuthine dichloride 

OH;,-/ BiCU 

obtained by the chlorination of the bismuthine in dry ether, chloroform 
or carbon tetrachloride, forms small, glistening prisms, M.pt. 101® C. 

Tri-m-xylylbismuthine dibromide, l(CH 3 ) 2 C 6 H 3 ] 3 BiBr 2 , occurs 
when the (iomponents are brought together in petroleum ether. It 
separates from alcohol-ben/ene in line needles, M.pt. 117® C. 

Tri-m-xylylbismuthine hydroxybromide, [(CH3)2C6H3l3 
Bi(OH)Br,2 is isolated when the bromination of tri-m-xylylbismuthine 
is carried out in alcohol instead of iti petroleum ether. Crystallisation 
from alcohol-benzene yields a pale yellow crystalline powder, melting 
at 250® C. with marked decomposition. 

Tri-p-xylylbismuthine dichloride,® 



crystallises in fine white needles, M.pt. 107-5® C. If its chloroform or 
benzene solution be treated with warm alcohol, decomposition gradually 
takes place with de})osition of bismuth oxychloride. 

Tri-p-xylylbismuthine dibromide, [(CH 3 ) 2 C 6 H 3 ] 3 BiBr 2 , yields 
warty yellow needles, M.pt. 130® C!., which are affected by heating with 
alcohol in the same way as the diehloride. 

Tri-a-naphthylbismuthine diehloride,^ 



The chlorination of tri-a-naphthylbismuthinc is carried out in dry 
chloroform and the dichloride precipitated by the addition of light 
petroleum. Crystallisation from chloroform-petroleum gives a product 
melting sharply at 166® C. It is a yellowy crystalline powder, readily 
soluble in chloroform, moderately soluble in acetone or benzene, and 
insoluble in light petroleum. Heating for several hours at 100® C. 
does not affect it, and it is also stable towards hydrochloric acid. When 

^ MichaeliB and Marquardt, loc. cit. 

* 8 tilp, loc, cit. 

® Gillmeister, loc. cit. 

* Challenger and Goddard, Trans. Chem. Soc., 1920, 117 , 772. 
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shaken with a suspension of silver oxide in moist acetone the two atoms 
of chlorine are removed. 

Tri-a-naphthylbismuthine dibromide, (CioH 7 ) 3 BiBr 2 ,i is pre¬ 
pared by the bromination of the bismuthine in dry chloroform. It is 
precipitated by the addition of an excess of dry ether, and crystallisation 
from dry benzene-absolute alcohol gives a yellow crystalline powder, 
M.pt. 124° C., readily soluble in benzene or chloroform, sparingly 
soluble in cold alcohol, insoluble in ether. It tends to lose bromo- 
naphthalene on warming at 100° C., and when treated with phenyl 
magnesium bromide (2 mols.) it gives principally tri-a-naphthyl- 
bismuthine and traces of diphenyl-a-naphthylbismuthine, but when 
only one equivalent of Grignard reagent is used unclianged dibromidc 
and a-naphth^ddibromobismuthinc are the only products isolated. 
Methyl magnesium iodide merely removes the bromine from the di¬ 
bromide, and mercury diphenyl yields tri-a-naphthylbismuthine and 
a little diphenyl-a-naphthylbismuthine.2 

Diphenyl-a-naphthyibismuthine dichloride, (G6H5)2(CioH7) 
BiClg,® separates in pale yellow crystals from dry alcohol-free chloro¬ 
form on the addition of light petroleum, M.pt. 141° to 142° C., insoluble 
in acetone. Moist silver oxide in acetone suspension removes the 
chlorine atoms. 

Diphenyl-d-naphthylbismuthine dibromide, (CeH5)2(CioH7) 
HiBrg,^ M.pt. 141° to 142° C., forms pale yellow crystals from chloro¬ 
form-petroleum solution, which arc insoluble in acetone. The halogen 
is removed by moist silver oxide, the bismuthine being regenerated. 

cu-Tristyrylbismuthine,® (CeH^CH: C’H).jBi, has been isolated 
only in very small quantity, and its physical constants have not 
been determined. The scheme for the ])r()duction of this derivative 
is as follows : U : CUCOOIT - ( eUs.CHBr.CHBr.COOH 

-^ Cellg.CH : CHBr - > CeHg.CH : CHMgBr --~> (CbHb.C II: CH)3Bi. 

During the preparation some diphenylbutadiene is produced. 


Heterocyclic Systems containincj Bismuth.® 

Ethylcyclopentamethylene bismuth, 


CH2< 


€112 CII 2 
CH 2 —CH2^ 


Bi.C2H5 


This compound is produced by the interaction of ethyldibromobis- 
muthine and the Grignard reagent derived from 1 : 5-dibromopentane. 
It is a viscous oil, distilling at 108° to 112° €., heavier than water and 
possessing an unpleasant and persistent odour. It becomes turbid in 
the presence of traces of oxygen, is actively oxidised in the air, igniting 
readily. If a piece of paper be saturated with the oil, it inflames after 
a few seconds, emitting dense yellow fumes. 


^ 8 tilp, loc. cit. 

® Challenger and Allpress, 'Frans, Chem, JSoc., 1921, 119 , 913. 

* Challenger and Wilkinson, Trans, Chem. Soc., 1922, 121 , 91. 

* Challenger and Goddard, Trans, Chem, 80 c, ^ 1920, 117 , 772. 

* Eabrykant, Bull, pharm, fnsf. Poland, No, 2 , 1927, p. 1. 

* Gruttner and Wiernik, Her,, 1915, 48 , 1473. 
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Arsknic-Bismutti Derivatives. 

4 -Acetylaminophenylarsenobi 8 muth bromide,^ 


CJI,.CO.NH- 



As 


HiBr 


4-Aectylainino})hcnyUirsinc (2*1 parts) is dissolved in 30 parts of methyl 
alcohol containing hydrogen bromide, and 4*5 ])arts of bismuth tri¬ 
bromide in methyl ah'ohol added. Addition of ether precipitates a 
heavy black powdc'r, decomposed by acids and alkalis. 

3 -Amino- 4 -hydroxyphenylarsenobismuth chloride hydro¬ 
chloride, 

RO-<^ As:-Bi(n 

NHa.HCl 

This derivative is o])taiiK‘d by condensing 3-amino-4-hydroxyphenyl- 
arsine with bismuth chloride in methyl alcohol solution in the presence 
of hydrogen chloride*. It is a black powder, decomposing in a similar 
manner to the preceding eom})ound, and even boiling its aqueous solu¬ 
tion leads to decom])osition. 

Tris- 3 -amino- 4 -hydroxyphenylarsenodibismuth dihydro¬ 
chloride, 

H ()- ^ As = Bi As / ^-OH 

NHa.llCl a NH,.HC1 

This compound is prepared by mixing 3-aniino-4-hydroxyphenylarsine 
in methyl alcohol with a similar solution of bismuth trichloride. It 
is black in colour, its aqueous solutions arc decomposed on boiling, 
and hydrogen f)croxide in alkaline solution instantly causes decom¬ 
position, with formation of 3-ainino-4-hydroxyphenylarsinic acid and 
bismuth oxide.^ 

The Determination of Bismuth in Pentavalent 
Bismuth Compounds.^ 

The substance (0*2 0*3 gram) is treated with about 10 c.c. of an 
ammoniaeal solution of hydrogen sulphide and the mixture evaporated 
to dryness in an air-bath at 115° to 125° C., the hydrocarbon formed 
during the decomposition being driven off and the residue of bismuth 
sulphide and sulphur boiled for a few minutes with 10 c.c. of con¬ 
centrated hydrochloric acid. The solution is then filtered, diluted 
with water, hydrogen sulphide passed in, and the precipitated bismuth 
sulphide filtered off on a Gooch crucible, washed with carbon disulphide, 
dried, and weighed. 

^ German Patent, 269745. 

2 Ehrlich and Karrer, Rer., 191.1, 46 , 3564. 

® When an alkali bismuth tartrate and the disodium salt of “ Salvarsan ” are mixed in 
aqueous solution and the whole poured into ether-methyl alcohol solution, a complex 
is precipitated which is said to have the general formula, R.As: Bi.As(R).Bi: As.R^, where 
R is an aminoaryl radical (American Patent, 1605691). 

^ Challenger and Goddard, Trans^ Ghem, Soc., 1920, 117 , 762. 



APPENDIX. 




APPENDIX. 


Mixed Stibines.^ 

£thyldi-n-butylstibine, (C 2 H 5 )(C 4 H 9 ) 2 Sb.—50 grams of ethyldi-iodo- 
stibine in 200 c.c. of ether are added to the Grignard reagent from 
12 grams of magnesium and 69 grams of n-butyl bromide in 300 c.c. 
of ether. The prejiaration is carried out in an atmosphere of hydrogen, 
the resulting mixture treated with ammonium chloride solution, the 
ether layer dried, the solvent expelled in a stream of carbon dioxide, 
and the residual liquid fractionally distilled under reduced pressure. 
The yield of stibirie is about 4 grams. It boils at 147° C. at 43 mm., 
and the density is 1-155 at 17° C. 

The following compounds were prepared in a similar manner to the 
above stibinc : Ethyldi-n-amylstihine, B.pt. 167° C. at 51 mm., density 
1-094 at 23° C. ; ethyldicyclohexylstibine, B.pt. 122°-~126° C. at 15 mm., 
density 0-914 at 13° C. ; di-o-tolylethylstibine, B.pt. 190°-210° C. at 
10 mm. ; di-m-tolylethylstibine^ B.pt. 211°-216° C. at 15 mm. ; d^-p- 
tolylethylstibine, B.pt. 226° C. at 5 mm. 

Tri-isobutylstibine oxide, (C4H9)3SbO, occurs when the stibinc 
in alcohol solution is shaken with red mercuric oxide, but air oxidation 
of the stibinc yields a double oxide^ (C 4 H 9 ) 3 Sb 0 .Sb 203 . 

Tri-isobutylstibine dichloride, (C 4 H 9 ) 3 SbCl 2 , obtained in the 
usual way, crystallises in rhombs from ether or carbon tetrachloride, 
melting at 91° C. ; the dibromide, M.pt. 88° C., forms white rhombic 
plates from acetone, and the di-iodide gives pale yellow crystals melting 
at 70° C. 

Methyltri-isobutylstibonium iodide, (CH 3 )(C 4 H 9 ) 3 SbI, is slowly 
formed in a concentrated ethereal solution of the stibine and methyl 
iodide. It melts indefinitely above 155° C. The methiodide and 
mercuric iodide in hot alcohol form methyltri-isobutylstibonium mercuri- 
iodide, yellow needles, M.pt. 119° C. A mercurichloride is known, and 
a chloroplatinate, orange needles, M.pt. 158° C. 


Naphthyl Antimony Compounds.^ 

jS-Naphthylstibinic acid, CioH 7 .SbO(OH) 2 .—96 grams of j3- 
naphthylamine in 3 litres of 2 per cent, hydrochloric acid are diazotised, 
and 300 c.c. of 80 per cent, hydrochloric acid added, followed, with 
continued cooling and stirring, by a solution of 96 grams of antimony 
trioxide in 300 c.c. of 30 per cent, hydrochloric acid. The precipitate 
is washed with water and added to 6 litres of N sodium hydroxide. 
It takes about four days for the evolution of nitrogen to be complete, 

1 Brinnand, Dyke, W. H. Jones and W. J. Jones, J. Ohem, 8oc„ 1932, p. 1815. 

* Brinnand, Dyke, W. H. Jones and W. J. Jones, loc, cit, 
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when the brown by-product is removed, and the filtrate acidified with 
hydrochloric acid. The precipitated j3-naphthylstibinic acid is washed, 
dissolved in concentrated hydrochloric acid, and excess of solid am¬ 
monium chloride added. Ammonium ^-naphthylcMoroantimonate separ¬ 
ates as a yellow ])owder, is washed with concentrated hydrochloric 
acid, and added to 1 litre of water. The latter effeets hydrolysis, and 
a pale salmon-coloured precipitate of j 8 -na})hthylstibinic acid separates. 
The acid does not melt below^ 200 ° C. 

j 8 -Naphthylstibinoxide, CioH^.SbO.—A solution of the foregoing 
compound in concentrated hydrochloric a(‘id is diluted with acpieous 
methyl alcohol, cooled with ice, saturated with sulphur dioxide, after 
addition of sodium iodide, and poured after several hours on ice and 
aqueous ammonia. The oxide separates as a voluminous precipitate, 
which commences to decompose when heated to 100 ° 


AnTIMONYL d-TATlTIlATES. ^ 

Tetraethylphosphonium antimonyl d-tartrate is obtained in 
aqueous solution when equivalents of tetraethylphos})honium iodide 
and silver antimonyl d-tartrate are mixed in solution. The solution is 
filtered, and the tartrate isolated in quantitative yield by evaporating 
off the solvent. It forms a white j)owder, very soluble in water, but 
insoluble in ether, acetone, benzene, carbon disulphide, or chloroibrm. 
By a similar process tetra-n-propyl'phosphonium antinmiyl d4artrote is 
obtained. 

Methyltri-n-propylstibonium antimonyl d-tartrate occ^urs 
when the foregoing phosphorus compounds are replaced by methyltri- 
n-propylstibonium iodide. The salt is very soluble in water. 

The specific rotations of a number of these antimonyl tartrates 
have been measiired in 2 per cent, aqueous solution, and the molecular 
rotations are given in the following table. In the third column are the 
Ph values of iV/100 aqueous solutions of these salts of antimonyl tartaric 
acid. 


Antimonyl d-tartrate 


Pn 

Tetraethylphosphonium 

. 456-7° 

4-0 

„ -w-propyl])hosphonium . 

. 449-3° 

3-8 

„ ethylarsonium 

. 467-7° 

, , 

Methyltriethylarsonium 

. 453-9° 

4-0 

Dimethyldi-n-propylarsonium 

. 459-0° 

4-0 

Methyltri- „ 

. 466-7° 

3-6 

„ „ amyl 

. 457-5° 

3-6 

,, ,, propyl stibonium 

. 468-2° 

3-2 

Potassium ..... 

. 458° 

4-0 


Tai-n- ALKYLBISMUTHINES. 2 

Tri-n-propylbismuthine, (CH 3 .CH 2 .CTl 2 ) 3 Bi.—The Grignard re¬ 
agent from 61 c.c. of n-propyl bromide and 16*2 grams of magnesium 
in 200 c.e. of ether, is treated with 30 grams of bismuth chloride in 
850 c.c. of ether. The preparation is carried out in a hydrogen atmo¬ 
sphere in an apparatus very similar to that described on p. 171. The 

^ Brinnand, Dyke, W. H. Jones and W. J. Jones, loc. cit, 

* Davies, Norvick and W. J. Jones, Bull, 8oc. chim., 1931, [4], 49 , 187. 
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bismuthine boils at 86° to 87° C. at 8 mm., and has a density of 1*621 
at 17° C. 

Tri-n-butylbismuthine, (CH 3 .CH 2 .CH 2 .CH 2 ) 3 Bi, is obtained in a 
similar way to the foregoing eompoimd. The product boils at 124° C. 
at 7 mm., and has a density of 1*456 at 17° C. 

Tri-n-amylbismuthirie, (CH-j.C H2.CFl2.C!H2.CH2)3Bi, boils at 
157° to 158° C. at 7 rnm.: density 1*381 at 17° C. This product is 
distinctly yellow^ in (tolour, indicating nascent decomposition. 

The following three tables give interesting comparisons of the alkyl 
derivatives of Group V elements of the Periodic Plassifuration :— 


TABLE I.- BOILING POINTS. 



Phosphine 

Arsine 

Stlbine 

Bismuthine 

Triethyl 

Tri-w-propyl 
„ „ butyl 
„ amyl . 

128*3” at 7()() nun. 
103*5'0. „ 50 „ 
149*5” 0.„ „ „ 

185*5” C.„ „ „ 

liv e, at 700 nun. 
92” C. „ 27 „ 

150” C. 41 „ 

J79”“I80’0.at3linm. 

100" C. at 700 mm. 
mf 0. „ 25 „ 

larc .12 „ 
108” C.„ 16 

107” C. at 79 mm, 
80°~87” ('. at 8 mm. 
124" C. at 7 mm. 
157"-] 58” C. at 7mm. 


TABLE II.-BOILING POINTS AT 50 mm. 



Phosphine 

Arsim' 

Stibine 

Bismuthine 

Tricthyl 

57“ C. 

67° C. 

83" C. 

96° C. 

Tri-w-propyl 

103-5° (’. 

106° C. 

116" C. 

127° C. 

„ butyl. 

140-5" C. 

155" e. 

167" C. 

173° C. 

„ „ amyl . 

185-5° C. 

193° C. 

199° C. 

209° C. 


TABLE III.-DENSITY IN GRAMS PER C.C. 



Phosphine 

Arsine 

Stibine 

Bismuthine 

Triethyl 
Tri-w-propyl 
„ „ butyl. 

„ „ amyl . 

0*800 at 18*6” C. 
0*807 „ 25” C. 
0*812 „ „ 

0*820 „ „ 

1*150 at 20” 0. 
1*031 „ 17” 0. 
0*993 21” C. 

0*980 „ 18*5” C. 

1*324 at 16” C. 
1*241 „ 25” C. 
1*191 „ „ 

1*130 „ 18 0. 

1*82 

1*021 at 17” C. 
1*450 „ „ 

1*381 „ „ 


Antimony and Bismuth Thienyl Compounds.^ 


Antimony tri- 2 -thienyl, 



^ Krause and Renwanz, i?er., 1932, 65 , [R], 777. 
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is prepared in a similar manner to the corresponding arsenical com 
pound (this Volume, Part II, p. 413). It is very sensitive to air, and 
melts at 49® to 49*5® C. Its solution in ether in the presence of air 
slowly deposits pure antimony oxide. The reaction with hydrogen 
peroxide seems rather uncertain, but at least one thienyl gi'oup is 
eliminated. A solution of iodine in ether gives 2-iodothiophene and 
antimony tri-iodide. 

Chlorine reacts with antimony tri-2-thienyl to form the dichloride, 
M.pt. 229° C. (corr.) with decomposition. The corresponding di- 
bromide melts at 182%5° C. Treatment of these dihalides with potas¬ 
sium hydroxide transforms them into the oxide, M.pt. 217° C. (corr.) 
with decomposition. 

Bismuth tri-2-thienyl, (C 4 H 3 S) 3 Bi, in benzene solution is not 
affected particularly by air or hydrogen peroxide. The halogens in 
carbon tetrachloride solution, however, split out the bismuth completely. 


Antimony Derivatives of 1 : 2-Dimercaptoethane.^ 


l-p-Tolylcyclo-2 : 5-dithio-3 : 4-dimethylenestibine, 


CII2-S 

I 

CHa—S 


>Sb.C7H, 


p-Tolyldiehlorostibine (9 grams) and 3 grams of 1 : 2-dimercaptoethane 
in 30 c.c. of methyl alcohol give 6 grams of precipitate and a further 
2*5 grams on standing (total yield, 88 per cent.). The compound is 
washed with methyl alcohol and recrystallised from light j)etroleum, 
when a mixture of long needles and small nodules, M.pt. 90° C., is 
deposited. The former pass into the latter on standing with the 
mother liquor. By seeding solutions with either form, the compound 
easily crystallises in that form alone. 

1 : 2-Dimercaptoethane has also been condensed with p-carboxy- 
phenyldi-iodostibine (M.pt. 120° to 132° C.), but no definite results have 
been obtained. 


Distillation of some Antimony Derivatives in High Vacua.^ 

Phenyldimethylstibine cyanobromide, C 6 H 5 (CH 3 ) 2 Sb.CNBr, is 
isolated by slowly adding 18*4 grams of phenyldimethylstibine in 
90 c.c. of ether to a solution of 8*5 grams of dry cyanogen bromide in 
42 c.c. of ether, the reaction being carried out in a nitrogen atmosphere 
with good cooling. The cyanobromide which separates, melts at 
185° C., and at 150° C. methyl bromide splits out. The residue when 
rectified in a nitrogen vacuum yields 5 grams of phenylmethylcyano- 
siihine, B.pt. 115° to 118° C. 

Phenyldimethylstibine reacts with chlorine in carbon tetrachloride 
solution to give a dichloride which, heated in vacuo, decomposes at 
210 ° C. into dimethylchlorostibine and diphenylchlorostibine. Methyl- 
cyclopentamethylenestibine, B.pt. 73° to 73*5° C. at 17 mm., yields a 
dichloride, which decomposes in vacuo at 160° to 185° C. into methyl 
chloride and antimony cyclopentamethylene chloride, B.pt. 110° to 
111 ° C. at 13 mm. 

^ Clark, J. Chem. Soc., 1932, p. 1826. 

* Steinkopf, Sohubart and Boch, Ber,, 1932, 65 , [B], 409. 
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Miscellaneous Antimony Compounds. 

The following derivatives are isolated from the corresponding 
amines :—^ 

m- and p-phcnylene and 1 : 4 -naphthylene‘distibinic acids; diphenyl- 
€ne-pp-{pp-distibinotetraphenylene\ 3 : 3 -dimethyldiphenylene -4 : rf'-, 
3 : 3 -‘dimethoxydiphenylene -4 : and diphenylmethane-pp-disiibinous 

oxides ; benzophenone-pp-distibinic acid ; diphenyl-m-tolylmethyl- 
carbinol-ppp-tristibinic acid and -methane-ppp 4 ristibinous oxide; stil- 
bene -4 : 4 '-distibinic acid and distibinous oxide; methylene- and ethylene- 
diaminophenylene -4 : 4 '-distibinous oxides ; bisphenylazomethine-pp'- 
distibinous oxide; s-carbohydrazine-diphenylene-pp-distibinic acid; 
hydrazodicarbonamino-diphenylene-pp-distibinic acid ; hydrazobenzene- 
and benzanilide-pp'-distibinous oxides ; triphenylphosphine-mmm-tri- 
stibinic acid, triphenylstibine-mmm-tristibinic acid ; sodium 3 -carbo- 
benzyloxy- 4 -acetamidophenylstibinate, ^ sodium 3 -carbobenzyloxy- 4 ^ 

propionamidophenylstibinaic, sodium 3 -ca rbobenzyloxy- 4 -isobutyramido- 
phenylstibinate. 

^ Mistry and Giiha, J. Indian Inst. Sci.^ 1932, 15 A, 25. 

2 Niyogi, J. Indian Chem. Soc., 1931, 8, 59. 
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Drechsc*!, 8. 

Dudck, 149. 
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Gunther, 21(5-218, 221, 239. 

Gupta, 232, 250. 

GuscwolJ, 86, 120. 

VAN Haaren, 19-21, 22. 
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Hamilton, 231. 
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HanUscdi, 9-11, 17, 27, 169, 173, 174, 200. 
Hasenbaumer, 200, 211, 213, 214, 216, 219, 
221, 226, 236. 

Hatt, 150, 151. 

Hecker, 85, 106. 
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Hibbert, 9-11, 17, 27, 16H. 169, 173, 174, 
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Hilport, 268, 271. 
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Kinney, 34-37, 136. 
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Kjilsberg, 95, 159. 
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Medox, 52, 61. 

Melchik(‘r, 84, 112. 

Merck, 17,5-177. 

Meyer, 9, 11, 13, 24, 44, 57, 85, 1.57, 159, 
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216-218, 221, 228, 229, 233, 235, 239, 
240, 255, 256, 261. 
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ORGANOMETALLIC COMPOUNDS. 


206 

Pringaheim, 166. 
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Radcliffb, 60, 69, 70, 84, 91. 
vom Rath, 173. 
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Ray, C., 23. 
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Schubart, 292. 
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Wanselin, 9, 12, 13. 
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Wostphal, 180. 
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Wichelhans, 16. 
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Phosphorus. 

Allyldi-biphenylphosphine oxide, 99. 

Allylphcnylphosphinic acid, 115. 

Allyltri-biphenylphosphonium bromide, dJ, 99. 

Ammonium diethyldithiophosphinate, 38. 
wi-Aminophenylphosphinic acid and salts, 108. 
o- „ -o-tolyl ,, „ „ „ , 110. 

„ -p- . HH. 

woAmyldichlorophosiihine, 31. 
woAmyldiphenylphosphine oxide, 98. 

,, „ „ „ sulphide, 99. 

„ ,, ,, thiophosphinite, 92. 

„ ,, phosphine, 5, 34. 

„ „ phosphinic acid and salts, 6, 32, 34. 

,, ,, phosphinous acid and salts, 32, 34. 

„ „ thiodichlorophosphinc, 31. 

,, ,, ,, phosphinic acid, 34. 

„ ,, triphenylphosphonium iodide, 62. 

Anhydro-a-hydroxybenzylphosphinic acid, 131. 
p-Anisyldichloropliosphine and derivatives, 84. 
l-Anisylideneindenyl-2-phosphinic acid, 164. 
p-Anisylpliosphinic acid and salts, 115. 

,, ,, phosphinous acid and derivatives, 105. 

„ „ phosphinoxide, 93. 


Benzophenone, reaction with hypophosphorous acid, 161. 

„ „ phosphinic acid and derivatives, 120. 

/?-Benzoyl-a-4-methoxyphenylethylphosphinic acid and salts, 129. 

„ „ „-phonylethylpho8phinic acid, 129. 

,. „ „-8tyrylethyl „ „ , 136. 

l-Benzylideneindenyl-2-phosphinic acid, 164. 

Benzylphosphine, 49. 

„ phosphinic acid, 115. 

„ phosphinoacetic acid, 153. 

„ tri-biphenylphosphonium bromide, 64. 

„ triphony 1 „ iodide and derivatives, 64. 

Bis-a-hydroxyisoamylhypophosphorous acid and derivatives, 43. 

,, „ ,, -w-heptyl,, ,, ,, ,, ,, , 43. 

„ M M isopropyl „ „ „ „ „ ,41,42. 

Bistriethylphosphine dichloroplatinum compounds, 11. 
Bromo-j5-benzoyl-a-phenylethylphosphinic acid, 129. 
Bromomethenyltris-triethylphosphonium bromide, 27. 
p-Bromophenyldichlorophosphine and derivatives, 83. 
j^-Bromo-a-phenylethylphosphinic acid, 138. 
p-Bromophenylphosphine, 48. 
t, M „ phosphinic acid, 109. 

»» „ „ phosphinous aoid and derivatives, 104. 
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Bromophenylphospliinoxule, 93. 

/?-Hromo-rz-phcnylvinylphosphinio acid, 138. 

9- ,, -m-tolylphofiphimc acid. 111. 

p- ,, triphoriylmethoxyphosphorus dichloride, 151. 

„ ,, „ mcthylphosphiiiic acid, 151. 

■iwButyldichlorophosphine, 31. 

„ ,, tli phonyl]>hosj)hinat(', 92. 

„ „ phosphine oxide, 98. 

,, ,, ,, ,, Bul]>hide, 92, 99. 

,, ,, „ phosj)liirhte, .92, 98. 

„ „ „ thiophosphiriite, 99. 

„ ,. phosphine, 5. 

,, ,, phosphinic acid and sali.s, 34. 

,, ,, phospliinous „ , 32. 

,, ,, thiodiehloropliosphine, 31. 

„ „ ,, phosphinic acid, 34. 

„ „ iriphcnylphosphoniuin iodide, 52. 

o)-Carl>ot;hoX3’'trimet,hylphosphonium hydroxide and derivatives, 15(1. 
5-Carboxy-2 : 4-dinieihylphciivlphosphini<* a(*i<1, 118. 

(i- „ „ „ „ * , l»9. 

2(or4)- ,, -4(or 2)-methYl .. .. and salts, 11(>. 

,3(or.5). „ -.5(or3)- „ ,,,115. 

2(orr>)- „ -5(or2)- „ „ .117. 

f>- ,, phenylphosphinic acid ami derivatives, 119. 

,, ,, ,, .. ,111- 
p{ov4)- ,, ,, „ „ „ , IJ'i. 114, 121. 

p- ,, ,, ,, amide, 88. 

,, ,, ,, ,, anili(h‘, 88. 

ChloroMoamylphosphinic acid, 37. 

3- „ -p-oarboxyphenylphosphinic acid and d<‘rivatives, 112. 

,, mcthenyl-triS'triethylphosphoniun^ (‘hlorid(‘, 27. 

,, raethyltriothylpliosphonium chloride, 27. 
d- „ -3-nitro-2 : 4 : odrimothylphenylphosphinic^ acid, 118. 

,, phenyldichlorophosphine and derivatives, SS, 89. 

,, ,, di-p-tolylphosphine, 55. 

,, ,, ,, ,, ,, „ oxide, selenide, sulphide, 95. 

n- ,, -a*phenyl(‘thylphoHphinio acid, 138. 

,, ])henyIphc)si)henphenylhydrazone, 87. 
p- ,, ,, phosphinic acid and .salts, 48^ 109. 

,, ,, ,, phosphinous acid and dcrivative.s, 104. 

„ „ ,, phosphinoxide, 93, 109. 

O’ „ tolyldichlorophosphine, 84. 

5- „ -o- „ phosphinic acid, 110. 

()- „ ,,,111. 

3- „ -p’ ,, „ „ and derivatives, 112. 

0- ,, -2:4: 5-triincthylphenylphosphinic acid, 117, 118. 

,, triethylphosphonium dithiocarboxylic acid, 11; platinichloride, 11. 
p- „ triphenylmethoxyphosphonis dichloride, 151. 

,, „ „ methylphosphinic acid, 151. 

/?-Cinnamoyl'a-phenylethyipho.sphinic acid, 129. 

Cumyldichlorophosphino and derivatives, 85. 

„ phosphinic acid and salts, 114. 

„ phosphinous acid „ „ , 106. 

Cyanurdi-triphenylphosphiniinine monoazide, 160. 

„ tri- „ „ , 160. 

Cymyldichlorophosphine and derivatives, 84. 

„ phosphinic acid and salts, 114. 

„ phosphinous,, „ „ , 106. 

Diacetone chlorophosphine, 39, 40. 

„ phosphinic acid and salts, 40. 

„ phosphorus chlorobromide, 39. 

„ „ trichloride, 39. 

3 : 3'-Diaminodiphcnylphosphinic acid, 121. 

Di-w-amyl-^-anisylphosphine and derivatives, 59. 
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Di-w.-amyl(^-ethylphenyl)phosphine and derivatives, 60. 

„ „ „ methyl-p-methoxyphenylphosphonium iodide, 69; chloroplatinate, 69. 

„ „ ,, „ (p-ethylphcnyl) „ chloroplatinate, 68. 

„ „ ,, phenylphosphonium iodide, 68. 

„ „ „ „ „ „ , 68. 

„ -n- „ ,, -p-tolyl ,, „ , 68. 

,, -ISO ,, ,, ,, ,, ,, ,, , 68. 

„ - w- ,, phcnyiphosphine and derivatives, 58. 

,, -i,so ,, ,, ,, ,, ,, , o9. 

,, ,, ,, phosphine, 6. 

,, ,, ,, phosphinic acid, 59. 

>» -n- »> -p-t(^lylphosphine and derivatives, 59. 

,, ~is(> ,, ,, ,, ,, ,, ,, , 59. 

Dibenzyldichlorophospiiiru' and (hirivatives, 86. 

„ i«obutyldiphonylj)hosphonium iodide, 99. 

,, bonzylmethanephos^ihinamic acid and derivatives, 146. 

,, ,, ,, phosphinic ,, ,, ,, , 146. 

,, ,, phosphiiioxide, 146. 

,, ,, phosphine, 47, 4.9, 50. 

„ „ phosphinic acid, 120. 

,, ,, phosj)hinouR ,, , 106. 

«/j-Dibromo-a-phenylethylpliosphinic acid, 158. 

I )i - w - bu t y I - 7 > - an i sy Iph osph ine, 59. 

,, -iA'obutylamin('-dij)iperidine-N-methylphosphonium iodide, 29. 

„ ,, „ „ -N-pIienoxymetl)yl „ „ , 29. 

„ -w-butyl( 7 J-cthylpheiiyl)phoHphine and derivatives, 60. 

,, ,, ,, methyl-y;-tnetlioxyphenylphosphonium chloroplatinate, iodide, 69. 

„ ,, ,, ,, plienylphosphonhim ethiodide, iodide, 68. 

,, -iw „ ,, ,, ,, iodide, 68. 

,, ,, „ -p-tolyl ,, „ , 68. 

»» ,, ,, „ ,, „ „ , 68. 

,, -a- „ phenylphospliine and derivatives, 58. 

„ -i-w „ „ , *'>8. 

„ ,, „ phosphinite, 104, 125. 

,, ,, ,, phosphine, 6. 

„ ,, -p-tolylphosphine and derivatives, 58. 

„ 4so „ „ „ „ „ „ , 58. 

Dicamphorylphosphiiiic acid, 725, 124. 

Dicarboxydiinethyldiphenylphosphinic acid, 123. 

2 : 5- „ ,, -4-methylphenylpho8phinic acid and salts, 119. 

2:6-,, „ „ „ „ „ „ „ „ ,119. 

a/^-Dichloro-a-phenylethylphosphinie acid, 138. 

„ -o-tolylphosphinic acid, 110, 

Dicumylphosphinic acid, 125. 

Diethoxypseudocumylphosphine, 58. 

Diethylamine-N-ethoxymetiiylphosphonium iodide, 29. 

„ tsoamylphosphiiic, 7^5, 28. 

,, ,, ,, ,, hydrochloride, 15. 

,, anisyl ,, and derivatives, 57. 

„ benzyl „ „ „ , 57, 99. 

,, bromophenylphosphiue, .58. 

„ ohloro „ „ , 57,67. 

,, cymylphosphine, 58. 

,, dibenzylphosphonium chloride, platinicliloride, 65, 

„ diphenyl „ iodide, „ , 64. 

,, dithiophosphinic acid and derivatives, 38. 

,, (ethylpheiiyl)phosphine, 57. 

„ methylanisylphosphonium iodide, 67. 

„ „ bromophenylphosphonium iodide, 67. 

,, ,, chloro ,, „ „ ,67. 

,, ,, cymylphosphonium iodide, 68. 

„ „ (ethylphenyl)phosphonium iodide and derivatives, 67. 

„ „ mesitylphosphonium iodide, 68. 

„ „ -a-naphthyl „ „ , 68. 

„ „ phenetyl „ „ , platinichloride, 67. 

„ „ phenyl „ „ and derivatives, 67. 
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Diethylmethylpseudocumylphosphonium iodide, 68. 

»» tt "O-tolyl ,, ,, f 67. 

M »» »» »» » 67. 

„ „ -m-xylyl „ „ , platiniohloride, 67. 

„ -a-naphthylphosphine, .'JS. 

„ i)henetyl „ , 57. 

Di-(p-ethylphenyl)phosphinic acid and derivatives, 122. 
DiethylpJienylphosphinite, 103. 

phosphine and derivatives, 5/, 66, 67. 

„ „ oxide, 98. 

phosphine,' 6. 

,, hydrochloride, hydriodide, 6. 

,, platini(ihloride, 6. 

phosphinic acid and salts, 38. 
propylphosphine, 15. 
pseudocumylphosphine, 58. 

-o-tolyl „ , 57. 67. 

-p- M .» » 67. 

,, ,, ,, oxide, 98. 

xylyl „ , 58. 

I)i-w6»hexylphenylpho8phine, .59. 

Dihydroxydimethylphosphinic acid, 30. 
afi- ,, -a-phenylcthylphosphinic acid, 138. 

Dimethylaminophenyldichlorophosphine and derivatives, 143, 144, 145. 

dicthyhnethylphosphonium iodide and derivatives, 145. 

„ phosphine and derivatives, 145. 
dimothylethylphosphonium iodide, 145. 

„ phosphine and derivatives, 144. 
diphenylmethylphosphonium iodide and derivatives, 145. 

„ phosphine, 145. 

phosphinic acid, 144. 
phosphinous acid and derivatives, 144. 
trimethylphosphonium iodide, 144. 
Di(d-methylamyl)methylphenylpho8phonium „ , 68. 

M ♦» » „ -p-tolyl „ .. , 68. 

M phenylphosphine, 59. 

„ „ „ „ -p-tolyl „ , 59. 

Dimethylbromoethylphenylphosphonium bromide and derivatives, 66. 
Di(d/-^-inethylbiityl)methylphenylpho8phonium iodide, 68. 

„ -p-tolyl „ „ , 68. 

phenylphosphine and derivatives, 59. 

-p-tolyl „ „ „ , 59. 

Dimethyl-p-carboxyphenyl „ oxide and derivatives, 98. 
diethylphosphonium chloride, 14, 24, 28; iodide, 28. 
diphenyl ,, platinichloride, 64; „ , 64. 

ethylphosphine, 14, 24. 

2 : 4- „ phenylphosphinic acid, 116. 

3 :5- „ „ „ „ ,116. 

ethylphenylphosphonium iodide, 66. 
phosphine, 6; hydrochloride, 6; platinichloride, 6. 
phosphinic acid and salts, 6, 38. 
phosphonium iodide, 3. 

-p-tolylphosphine and derivatives, 56*, 65, 76. 

„ „ „ oxide and derivatives, 56, 98. 

„ „ phosphorbetaine and derivatives, 76. 

-w-xylylphosphino and derivatives, 57, 65. 
Dinaphthapyrylphosphinous acid, 162. 

„ -a-naphthylphosphinic acid, 123. 

4: 4'-I)initrodibenzyl „ „ , 122. 

3 ; 3'- „ -4 : 4'-diinethyldiphenylphosphinic acid, 121. 

„ „ diphenylphosphinic acid, 121. 

3:5- „ -p-tolyl „ . „ and salts, 113. 

3:6- „ -2:4: b-trimethylphenylphosphinio acid and salts, 118. 

Diphenoxychlorophosphine, 36, 142, 143. 

„ psendooumylphosphine, 55. 

Diphenyl-p-anisylmethoxyphosphonis dichloride, 151. 
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Diphenyl-m-anisylmethoxyphosphorus dichloride, 161. 

„ -p- „ methylphosphinic acid, 161. 

„ -/?-benzoyl-a-phenylethylpho8phinate, 130. 

„ bcnzylphosphine dichloride and derivatives, 91. 

„ „ „ oxide, 9i, 98. 

„ -/?*p-chlorobenzoyl-a-phenylethylphosphine oxide, 140. 

„ chlorophosphine, 47, 66, 90, 92, 97, 98, 139, 140; trichloride, 90. 
„ dichloro „ , 86. 

Pp- „ ethane-a-phosphinic acid, 165. 

„ -a-hydroxybenzylphosphinate, 142. 

„ „ „ „ phosphine oxide, 140. 

„ „ „ -^-chloroisopropylphosphinate, 143. 

„ „ „ -a-mcthyllKinzylphosphinate, 143. 

M „ propyl „ , 143. 

„ „ „ wopropylphosphinate, 142. 

„ methanedichlorophosphine and derivatives, 86. 

„ „ phosphine, 49. 

„ „ phosphine oxide, 93. 

„ ,, phosphinic acid and salts, 120. 

,, „ phosphinous acid and salts, 107. 

„ -o-naphthylmethoxyphosphorus dichloride, 151. 

„ -P- , 151. 

„ -a- „ methylphosphinic acid, 151. 

»t ‘P' >» »» »» »> » lol. 

„ -a-phenyl-/?-benzoylethylphosphinate, 143. 

„ „ „ „ „ „ phosphine oxide, 140. 

„ „ » „ vinyl „ „ , 141. 

,, ,, „ ,, bromo./^-benzoylethylphosphine oxide, 140, 141. 

„ „ „ „ ,, -p-chlorobenzoylethylphosphine oxide, 141. 

„ „ „ „ -p-chlorobenzoylvinylphosphine oxide, 141. 

,, phosphine and derivatives, 47, 50. 

„ phosphinic acid, 92, 121. 

„ -p-tolylmethoxyphosphorus dichloride, 151. 

„ „ „ methylphosphinic acid, 151. 

„ „ ,, phosphine, .56. 

/3/5f-Diphenylvinylphosphinic acid and salts, 165. 

Di-n-propyl-p-anisylphosphine and derivatives, 59. 

»» »» >» (p-ethylphenyl)phoBphine and derivatives, 60. 

„ „ „ methyl-p-mcthoxyphenylphosphonium iodide, 69. 

„ „ „ „ phenylphosphonium iodide, 68. 

>> »> »» >» -jP-toiyl ,, ,, , 68. 

„ „ „ phosphine and derivatives, 58. 

,, -iso „ ,, , 6. 

»»M phosphinic acid, 39. 

„ -n- ,, tolylphosphine, 68. 

Dipseudocumylchlorophosphine and derivatives, 90. 

„ „ phosphinic acid, 122, 123. 

Di-p-tolylbenzylphosphine, 55. 

„ „ „ chloro „ and derivatives, 90. 

„ „ ,, phosphinic acid, 121, 125. 

„ „ „ tliiochlorophosphine, 90. 

»» »» phosphinic acid and derivatives, 122. 


Ethoxydichlorophosphine, 142. 

Ethylbonzylaminophenyldichlorophosphine, 146. 
„ „ „ ' „ phosphinous acid, 146. 

„ „ diethylphosphinoacetate, 163. 

„ carbazol6-3-phosphinous acid, 161. 

„ dibenzylphosphine, 55, 63. 

„ dichloro „ , 31, 32. 

„ -a-diethylphosphinopropionate, 164. 

„ diphenyloxythiophosphinate, 90, 92. 

„ „ phosphinate, 91. 

„ „ phosphine, 55. 

„ „ „ oxide, 55,63,90, 91. 

„ „ „ sulphide, 99. 
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Ethyldiphenylphosphinite, 91. 

„ ,, thiophosphinito, 90, 91, 99. 

Ethylene-bis-triethylphosphonium bromide, 30. 

„ ,, ,, chloride and derivatives, 30. 

„ trimcthylphonphonium bromide and derivatives, 29. 

„ hexaphcnylphosphonium bromide, 03. 

,, tetramethyidiphenylphosphonium bromide and derivatives, 67. 

„ trimethylammonium hydroxide triethylphosphonium hydroxide and 

derivatives, 26, 27. 

,, ,, ])ho8phonium hydroxide triethylphosphonium hydroxide and 

derivatives, 29. 

Ethyl hydrof^en triphenylmothylphosphinate, 151. 
p-Ethylphenyldichlorophosphine and derivatives, 85. 

„ „ ethylphosphinate, 92, 103. 

,, „ methyl „ , 125. 

/>- ,, phosphine and derivatives, 48. 

„ ,, ,, phosphinie acid and salts, !)2, // /. 

,, ,, ,, phosj)hinou8,, ,, derivatives, 105. 

,, ,, -a-phosphone propionate, 104. 

,, ,, pseudocumylphosphinic acid and derh-atives, 00. 

,, ,, -p-tolylbenzylpJiosphoniura bromide, iodide, 69. 

,, ,, ,, ,, phospliinc and derivatives, GO, 69. 

,, phosphiiK*, 4, 32. 

,, ,, hydrochloride, hydriodide, platiniohloride, 5. 

,, phosphinie acid and salts, 32, t33. 

„ phosphinoac^etate, 152. 

,, ,, formate and derivatives, 153. 

,, -fi- ,, propionate, 154. 

,, phosphinou« acid, 32. 

„ isopropyKsobiitylphosphine, 29. 

,, thiodichJorophosphine, 31. 

,, tribenzylphosphonium chloride and dtTivatives, (>3. 

,, triphenylphosphonium iodide, 62. 

,, tri-;>-toiyl ,, „ , 63. 

w-Heptylpjiosphinic acid, 34, 

Hcxamethyltriaininotriphenylijhosphine, 145. 

Hydrindyl-2-phosphinic acid, 163. 
a-Hydroxyi^oamylphosphinic mad and salts, 37. 

,, „ ,, ,, phosphinous ,, ,, ,, , 42. 

„ „ benzylphosphinic acid, 131, 136. 

„ „ -sec-butyha-hydroxy-a-heptylhypopho8phort)us acid, 44. 

,, ,, -wobiitylhypophosphoroiis acid and salts, 42. 

„ „ -sec- ,, ,, ,, „ , 44. 

fi- „ -iso „ phosphinie acid and salts, 36. 

a- „ diphenylmethylphospliiiiic acid, 137. 

„ „ -a-ethylbutylphosphinic acid and salts, 36, 137. 

„ ethylhydroxyisopropylhypophosphoroiis acid, 41. 

„ ,, -n-heptylhypophosphoroiis acid and derivatives, 43. 

„ „ „ „ phosphinie acid, 34, 37. 

„ „ methylbutylhypophosphorous acid and salts, 42. 

„ ,, -a- „ „ phosphinie acid, 36. 

,> „ „ „ -/l-chloroothylphosphinic acid and salts, 37. 

,, „ „ „ „ dimcthylpropylphosphinic acid, 37. 

,, methylene camphor phosphinie acid and derivatives, 146. 

,, methylphosphinic acid and salts, 35. 

„ I „ -a- „ propylphosphinic acid and salts, 30, 137. 

„ „ phenanthraquinone phosphinie acid, 132. 

„ „ -^-phenyl-a-benzylethylphosphinic acid, 137. 

„ „ -a(p-phenylethyl)-y-phenylpropylpho8phinic acid, 137. 

,, „ t5opropyl-a-hy^oxy-w-heptylhypophosphorous acid, 44. 

„ „ „ „ hypophosphorous acid and salts, 36, 41, 44. 

M M M M phosphinie acid and salts, 35, 41, 136. 

„ triethylphosphonium dithiocarboxylic acid, 11. 

„ „ -a)51jff-trimethylpropylphosphinic acid, 137. 

m- „ triphenylmethylphosphinic acid and derivatives, 151. 
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Mesityldiclilorophosphino and derivatives, 85. 

„ phosplienphenylhydrazono, 87. 

„ j)ho8pbino and salts, 49. 

,, phusphitiic acid and salts, 119. , 

,, phosphinous ,, „ „ , 100. 

„ iih()sj)liinoxide, 93. 

Met henyl-tris-triothylphosplioiiiiim (‘hloride, iodide, 27. 
Methylallylphenyl-p-tolylphosphoniiini iodide and fierivativ(‘s, (59. 
benzylaTninophenyldiolilorophosphine, 145. 

,, ,, „ phosydiinous acid, 145. 

carbazole-3-'phoMphinoiis acid, 101. 

-4'-carboxydipheny]pliosphinu; acid, 121. 

chloroplienyldi-p-tolylphospboninm iodiflo and derivatives, 04. 
dietbylpbosphine, ] 5. 
dlydienylphosphine, 5.7, 05, 97. 

,, ,, oxid(^, 97. 

,, ,, „ , basic carbonate of, 03. 

ditolyl ,, , 55. 

M f't h y lene - bis- tri cth y Ipb osph onium chloride, 29. 

,, Jicxaethyl<Jiplu)sj)honinm dichloride, 29. 

,, ,, plu'nyl ., iodide, (>3. 

Methylethyldiphenyl „ „ , pi(;rate, platiiiichloride, 05. 

,, i5opropyh‘.Sf)butylphosphoniuin iodifle, 28. 

phenylpseudocumyl „ ,, and derivatives, 09. 

,, ,, -p-tolyl ,, f/-cami)hor sulphonate, 09. 

,, ,, ,, ,, „ iodide and derivatives, 69. 

()X3^/*,‘#opropylx)henylphosphinic acid, 115. 

2- .. pentanonf*-(4)-pbosphinic acid-{3) and salts, 40. 

pbenylarninopbenyldiebloroi)bospbiiic, 140. 

,, „ „ ])bosi»binoiis acid, 140. 

(U- „ -p-tolylbenzylphosphonium d-a-broniocarnphor-Tr-sulpbonatc and 

derivatives, 70. 

,, ,, „ „ „ bromide, 70; iodide, platinichloridc, 71. 

,, ,, ,, pliospbine, 00. 

pbospbine, 3, 0. 

,, hydriodide, hydroebloride, platinicbloride, 4. 
phosphinic acid and salts, 52, 55. 

,, „ , p-cresyl, rw.-cresyl, pseudocumenol and p-cblorophenol 

esters, 72, 75. 

i.sopropylphenylphosphinic acid, 114. 

, styryh/f-phosphinic acid and salts, 104. 

-p-tolyldipiperidinc-N-phosphonium iodide, 125. 
tri-bipbfmylphosphonium iodide, 64, 97. 

,, wobutyl „ „ , 29. 

triethylphosphonium chloride, 29; j)icrate, 155. 

,, ,, hydroxide, 11, 27, 155. 

trimesitylphosphonium iodide, 04, 

triphenyl „ chloride, 02; iodide, 6*2, 03, 97. 

tripseiidocumylphosphonium iodide, 04. 
tri;p-tolyl „ „ and derivativ(*s, 02. 

,, -w-xylyl „ ethiodide, iodide*, platinichloridc, 04. 

»» “JP” >» »> »» >> 9 04. 

C-Monoethyl phosphinoacetate and derivatives, 153. 

P. 15‘> 


a-Naphthyldichlorophosphine and derivatives, 80. 

„ „ phosphinic acid, 86, 120, 123. 

,, ,, phosphinous acid, 106. 

3-Nitro-4-methoxyphenylpho8phinic acid and salts, 116, 110. 
„ „ benzylphosphinic acid, 115. 

o* ,, „ trimethylphosphonium picrate, 150. 

w- ,, ,, ,, ,, „ , 150. 

P' it it a it it t 156. 
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m-Nitro-^-bromophenylphosphinic acid and salts, 109. 
,, ,, ,, chloro ,, „ ,, ,, ,, , 109. 

,, „ phenyltrimethylphosphoiiium picrato, 156. 

„ „ „ phosphinic acid and salts, 108. 

5- „ -o-tolylphosphinic acid and salts, no. 

3- „ -p- ,112,113, 

p- „ triphenylmethoxyphosphorus dichloride, 151. 

w-Ootylphosphine, 6. 

„ „ „ hydriodido, .5. 

„ „ phosphinoiis acid, 5. 

Oxywopropylphenylphosphinic acid, 115. 


Phosphinoacetic trianilide, 153. 

,, „ tri-p-toluidide, 1.53. 

„ acetyl trichloride, 1.53. 

y- „ -/i-butyric acid and derivatives, 154. 

P- ,, butyronitrilo ethyl ester, 1,54. 

a- „ propioni(i acid, 153, 754. 

fi- „ „ „ and derivatives, 154. 

Phosphoarsenobenzene, 149. 

„ benzene, 148. 

l-Piperonylideneindenyl-2-pho8phinic acid, 164. 

Propane-/?-carboxylic acid a-phosphinic acid and salts, 40. 
7i-Propyldichlorophosphine, 31. 

1/So ,, ,, ,, , 31. 

„ „ diphenylphosphinate, 92. 

„ ,, „ phosphine oxide, 63, 93. 

„ „ „ „ sulphide, 92, 99, 

„ ,, „ phosphinite, 92, 97. 

„ ,, ,, thiophosphinite, 99. 

n- „ phosphine, 5. 

iso ,, ,, , 5. 

71- „ phosphinic acid and salts, 33. 

iso „ „ „ ., „ , 34. 

,, „ phosphino-carboxylic acid and salts, 40. 

n- „ phosphinoiis acid, 32. 

iso ,, ,, ,, , 32. 

n- „ thiodichlorophosphine, 31. 

„ „ triphenylphosphonium iodide, 62. 

iso „ „ „ bromide, 63; iodide, 62. 

n- „ tri-p-tolyl „ iodide, 63. 

wo ,, ,, ,, ,, ,, ,, , 63. 

Pseudocumyldichlorophosphiiie and derivatives, 122. 

„ ,, phosphine and salts, 49. 

„ „ phosphinic acid and salts, 117, 118. 

p-Phenetyldichlorophosphine, 85. 

,, „ phosphinic acid and salts, 116. 

„ „ phosphinous acid, 105. 

Phenoxydichlorophosphine, 142. 

Phenyl /3-benzoyl-a-phenylethylphosphinate, 130. 

„ „ „ M „ ,> phosphinic acid, 133. 

»» »» »» »> styryl „ ,, ,, , 136. 

„ benzylmonothiophosphinic acid, 104. 

„ -^-bromo-^-benzoyl-a-phenylethylphosphinic acid, 133. 
a- „ -/?(a'-bromocinnamoyl)-ethylphosphinic acid, 135. 

„ i^obutylphosphinic acid, 125. 

„ cyclopentamethylenephosphine and derivatives, 148. 

„ „ tetra „ ethylphosphonium iodide, 147. 

M M methyl „ „ , 147. 

„ „ „ „ phosphine and derivatives, 147. 

M -»-propylpho8phonium iodide, 147. 
»> >» »> >» ,, „ „ , 147. 

„ di-7i-amylphosphine, 68. 

„ dibenzylphosphine and derivatives, 54. 
a- „ -^(dibromohydrooinnamoyl)-ethylphosplimic acid, 135. 
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a-Phenyl-j5(a'/9'-dibromo-j^'-phenylpopionyl)-ethylphosphinic acid, 135. 

„ dibromophosphine and derivatives, 82. 

„ dichloro „ „ „ , 54, 65, 80-83, 86, 87, 103, 125, 133-135. 

„ „ sTilphophosphine and derivatives, 83. 

„ dicyanophosphine, 83. 

„ diothylphosphine benzophenone azinc, 158. 

„ „ „ fluorenone „ , 158. 

„ di(di'-)5-raethylbutyl)-phosphinc, 68. 

dipiperidiiiebenzylphosphonium chloride, 73. 

„ „ ethyl „ iodide and derivatives, 73. 

„ „ methyl „ „ „ „ , 73. 

,, ,, -N-phosphine, 87. 

M M t, „ sulphide, 99. 

1- „ ditetrahydroquinoline-methylphosphonium iodide, 73. 

M it a it -N-phosphinc, 87; oxide, 87. 

„ dithiocyanophosphino, 83. 

„ di-p-toiylphosphine, 54. 

„ ethylmonothiophosphinic acid, 104. 

„ hydroxybenzylphosphinic acid, 125. 

„ „ ethyl „ „ , 125. 

a- „ -a- „ -y-phcnylpropylphosphinic acid, 137. 

„ methylphoaphinanilide, 125. 

„ „ phoaphinic acid and salts, 124. 

„ „ phosphinyl chloride, 124. 

„ -a-phcnyl-^-cinnamoylcthylphosphinic acid, 135, 

„ „ „ -/?(a'/9'-dibromophcnylpropionyl)-othylphosphinic acid, 135. 

,, phosphenbenzylhydrazone, 87. 

,, „ phenyl „ ,86; dihydrazide, 86. 

„ „ tolyl „ , 86. 

,, phosphine, 47, 80, 148. 

,, phosphinic acid and derivatives, 107, 108. 

,, „ anilide and derivatives, 87. 

„ „ diamide, 87, 

,, „ dianilido, 87. 

„ „ phenylhydrazidc, 87. 

„ phosphinous acid and derivatives, 82, 103. 

„ phosphinoxido, 92. 

„ phosphoneacetic acid and derivatives, 104. 

,, -a- „ propionic acid, 104. 

„ phosphonium iodide, 47. 

„ phosphorus sulphide, 83. 

„ pseudocumylchlorophosphine and derivatives, 91. 

„ „ „ phosphinic acid, 125. 

,, -p-tolylchlorophosphinc, 60, 69, 91; trichloride, 91. 

„ „ „ methyl „ , 69, 70. 

„ ,, „ phosphinic acid, 125. 

„ trianUidophosphonium chloride and derivatives, 88. 

„ triphcnylmethylphosphinic acid, 125. 

„ „ -^-tolylphosphorketobc^taine and derivatives, 79. 

a- „ vinylphosphinic acid, 136. 

Phosphenyl bromide and derivatives, 82. 

„ chloride „ „ , 80-82. 

Phosphenylic acid „ „ , 107. 

Phosphinoacethydrazide, 153. 

,, acetic acid and salts, 153. 

Pseudocumylphosphinic dianilide, 88. 

„ „ „ diphenyl ester, 89, 

„ „ „ „ hydrazide, 88. 

„ „ phosphinous acid, 55, 106. 

„ „ phosphinoxide, 93. 

„ „ trianilidophosphonium chloride and derivatives, 89. 

Styryl-/?-pho8phinic acid and salts, 164. 

Tetra-i«)amylphosphonium iodide, 24. 

„ benzyl ,, „ and derivatives, 64. 

VOL. XI. : III, 20 
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Tetra-Mwbutylphosphonium iodide, 23. 

„ chlorotetramethylphosphonium chloride, 30. 

„ ethylphosphonium hydroxide and derivatives, 20-23y 25, 290. 

„ hydroxytetramcthylphosphonium chloride, 30. 

„ methyldiaminobenzhydrylphosphinous acid, 162. 

„ „ phosphonium hydroxide and derivatives, 4, 8, 7.9, 20. 

„ phonyIdipliosphine, 50. 

„ „ phosphonium hydroxide and derivatives, 61, 62. 

„ „ phosphorketobetaine and derivatives, 78. 

„ -w-propylphosphonium antimonyl d-tartrate, 290 ; bromide, 23. 
„ -wopropylphosphonium iodide, 23. 

Thienyldichlorophosphine and derivatives, 160. 

,, diethylmethylphoaphonium iodide, 16J. 

„ „ phosphine, 161. 

„ phosphinic acid, 161. 

,, phosphinous acid, 161. 

„ triet^lphosphonium iodide, 161. 

Tolylbcnzylphosphinic acid, 126, 126. 
p- „ cyelojx?ntamethylenephosphine and derivatives, 148. 
dibromophospliine, 84. 
diehlorophosphine and derivatives, 84. 

»» »» >» >» » ^4. 

» , ft4. 

dipiperidinebcnzylphosphonium iodide, 73. 

„ isobutyl „ „ , 73. 

>> ethyl ,, ,, , 7.1. 

„ methyl „ „ , 73. 

,, -N-phosphine, 88. 

„ „ „ oxide, 95. 

„ „ ,, sulphide, 95. 

di-«-propylphoHphine, 66. 
ditotrahydroquinoline-N-phosphine, 88. 

„ „ „ „ „ oxide, 88. 

methyldiethylphosphorkotobetaine and derivatives, 79. 

„ phosphinic acid, 125. 
phosphine and derivatives, 48. 
phosphinic acid and salts, 110. 

»» >> » »» » 111 • 

„ „ ,,,112,113. 

„ anilide and derivatives, 88. 

„ diamide, dianilide, 88. 

„ diphenylhydrazide, 88. 

„ di-p-toluidido, 88. 

,, phenyl ester, 88, 89. 

phosphinous acid and derivatives, 105. 

♦» >» »» >> » 105. 

»f »» >» , 105. 

phosphinoxide, 93. 

„ ,93. 

„ trianilidophosphonium chloride and derivatives, 89. 
Tri-m-aminotriphenylphosphinc oxide and derivatives, 94. 
-woamylmethylphosphonium iodide, 28. 
n- „ phosphine, 14. 

„ , compound with carbon disulphide, 14, 

, 14, 24. 

„ , compound „ „ „ , 14. 

„ oxide, 18. 

, benzoyloxytrimethylphosphine oxide, 31. 

, benzylphosphine oxide and derivatives, 96. 

, -biphenylphosphine, 53, 64. 

, „ „ oxide, 96; sulphide, 99. 

, „ phosphorbetainc, 78. 

, -n-batyl-pj9-diphenylethylphosphonium hydroxide, 156, 

, „ „ ethylphosphonium iodide, 28. 

, „ „ methyl „ „ , 26, 

^ „ „ phosphine, 13, 
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Tri-»-butyIphosphine, addition products of, 14. 

„ 480 „ „ , 14, 29. 

„ ,, „ „ , addition products of, 14. 

„ -w- „ „ oxide and derivatives, 18. 

*> M »» -7?/-propylphosphonium hydroxide, 156. 

Trichlorophenoxyphosphine, 72. 

„ -p-chlorophcnoxymothylphosphoniuni iodide, 72. 

2:5:6-,, chloro-m-tolylphosphinic acid. 111. 

„ „ trimethylphosphine, 31. 

„ „ „ „ „ oxide, 31. 

Triethylallylphosphonium iodide, 28. 

„ ,, aminc-N-methylphosphonium iodide, 29. 

„ „ -/j-aminoethylphosphoniura bromide, 26, 26; chloride, 26. 

„ ,, i^foamylphosphonium chloride, 15, 2k; iodide, 28. 

,, „ anisylphosphonium iodide, 66. 

,, „ benzyl „ chloride and derivatives, 66. 

,, „ -^-bromoethylphosphonium bromide and derivatives, 25-29, 

„ ,, bromophenyl ,, iodide, 66. 

,, „ carbethoxymcthyl „ chloride, 26. 

„ „ earboxy „ „ „ , 26. 

„ ,. -jS-chloroethyl „ „ , 24, 25, 27; hydroxide, 25. 

„ „ „ dicthylaminoethylpho.«iphoiiiim) chloride, bromide, hydroxide, 27. 

»» >* ethyl ,, ,, ,, ,, ,, ,, , 27, 

„ „ „ hydroxyethylphoaphonium chloride, hydroxide, iodide, 26. 

,, „ „ „ methyl „ hydroxide, iodide, 27. 

., „ iodomcthylpho.sphonium (?hloride, hydroxide, iodide, 27. 

„ „ -^-mothylaminoethylphosphonium bromide, chloride, hydroxide, 26. 

„ „ methyli)hosphoniura chloride, 15; hydroxide, 25; iodide, 24. 

,, „ -^-phenylethylphosphonium hydroxide, 156. 

„ „ phenylphosphonium iodide and derivatives, 66. 

„ „ phosphine, .9, 12, 13, 17, 23-25, 27-30, 99. 

,, ,, ,, , compound with carbon disulphide, 10. 

,, „ ,, benzophenone azine, 157. 

„ ,, „ fluorenone azinc and derivatives, 157. 

„ ,, ,, methiodide, 10, 17. 

„ „ „ oxide and derivatives, 16, 17, 27, 29, 66, 155. 

„ „ ,, platinichloride, 11, 12. 

„ „ „ , salts of, 13. 

„ „ „ selonido, 17. 

,, ,, „ sulphide, 17. 

„ ,, -w-propylphoRphonium chloride, 15, 27; hydroxide, iodide, picrate, 155. 

„ „ -o-tolyl ,, iodide, 66. 

,, „ vinyl ,, acetate, 25; bromide, 25, 28; chloride, 26, 28; 

hydroxide, 26, 28. 

„ „ -m-xylyl „ iodide, 66. 

Trihydroxy trimethylphosphine oxide, 31; tri benzoate, 31. 

Tri-l-indolylphosphine, 162. 

„ -3- „ „ , 162. 

„ mesitylphosphine, 53. 

„ methylwoamylphosphonium chloride, 25; iodide, 24. 

„ „ benzyl „ hydroxide, 156. 

„ ,, -^-bromoethylphosphonium bromide, 24. 

„ (d/-j9-methylbutyl)pho8phine, 14. 

„ (y-methylbutyl) „ ,14; see Tri-woamylphosphine. 

,, methybcarboxymethylphosphonium chloride, iodide, 24. 

„ ,, ethylphosphonium chloride, 24; hydroxide, 155; iodide, 24. 

„ „ -j9-h.ydroxyethylphosphonium chloride, 24. 

„ -2-mothyl-l-indolylphosphine, 162. 

,, -3- „ -2- ,, ,, , 162. 

2:4:5- „ methylphenylphosphinic acid, 117. 

„ methylphenylphosphonium hydroxide, 166; iodide, 66. 

„ „ phosphine, 8, 24, 25, 29, 99. 

„ „ , compound with carbon disulphide, 9. 

„ „ „ , derivatives with alkylene bromides and thiocyanates, 9. 

„ „ „ hydriodide, 7. 

„ „ „ oxide and derivatives, 15. 
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Trimethylphosphine platiniohloride, 9. 

selenide, 16. 

„ sulphide, 16. 

phosphorbenzobetaine and derivatives, 75. 
a* M tolu „ „ , 77. 

/I- „ „ „ „ „ carboxylic acid, 77. 

-p-tolylphosphonium iodide and derivatives, 65. 

-wi-xylyl ,, ,, ,, ,, , 6»i. 

Trinitrodiphenylbenzylphosphine oxide, 91. 

„ -p-nitrotribenzylphosphino oxide, 96. 

,, -rrt-nitrotriphenylphosphinc oxide, 94. 

Triphenoxybenzylphosphonium chloride, 72. 

„ „ methyl „ iodide, 72. 

„ „ phosphine, 72. 

„ phenylacetonylphosphonium chloride, 78. 

„ „ benzhydrylphosphonium hydroxide, 159. 

„ „ benzylphosphonium „ , 156. 

„ „ diphenylmethylphosphonium bromide, 64. 

„ „ methoxyphosphorus dichloride, 149, 7(5(9, 151. 

„ „ methylchlorophosphinic acid, 152. 

„ „ „ phosphinic acid and derivatives, 149-151. 

,, ,, „ phosphinous acid, 162. 

,, ,, ,, phosphorketobetainc and derivatives, 78. 

„ „ phenacylphosphonium bromide, 78. 

„ „ phosphine and derivatives, 51-53, 61-6.3, 74, 75, 78, 79, 94, 95, 160. 

benzophenone azino, 1,58. 
dihydroxide, 94. 
dinitrate, 95. 

diphenylmethylene, 64, 159. 
fluorenone azine, 158. 
glyoxyl ester azine, 158. 
hydroxynitrate, 95. 
oxide and derivatives, 63, 94. 
phenylimine, 159. 
selenide, 95. 
sulphide, 95. 

-p-tolyliminc, 1.59. 

-m-xyly limine, 159. 

„ „ phosphoniiim iotlide, ,53. 

,, „ phosphor betaine and derivatives, 74, 75. 

„ „ „ choline „ „ , 75. 

Tripiperidine-bcnzylphosphonium chloride, 74. 

„ „ wobutyl „ iodide, 74. 

„ „ ethyl „ „ , 74. 

„ „ methyl „ hydroxide and derivatives, 73. 

„ -tt-propylamine-N-methylphosphonium iodide, 29. 


-ISO 

-n- 


, 29. 


-7i-butylpho8phonium hydroxide, 155. 

„ „ „ ethyl „ „ , 155. 

„ „ „ methyl „ iodide, 28. 

„ „ „ octyl „ hydroxide and derivatives, 156. 

„ „ „ phenyl „ bromide, 66, 

„ „ „ phosphine, 13, 28. 

,, “iso ,, ,, , 13, 23. 

„ -n- „ „ , addition compound with carbon disulphide, 13. 

„ -iso „ „ hydriodide, 13. 

„ -n- „ „ mercurichloride, 13, 

„ „ „ „ oxide and derivatives, 17, 18. 

>» »> >» -p-tolylphosphonium bromide, 66. 

„ pseudocumenolmethylphosphonium iodide, 72. 

„ ,, cumylphosphine, 63. 

„ „ „ „ oxide, sulphide, 97. 

„ tetrahydroquinolinemcthylphosphonium iodide and derivatives, 73. 
„ -p-tolylmethylphosphorketobetaine and derivatives, 79. 

„ -m- „ oxymethylphosphonium iodide, 72. 

»> “P’ tt »» if ft ft f 2 . 


ft f 
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Tritolyloxyphosphine, 72. 

„ -p-tolylphenacylphosphonium chloride, 79. 

„ „ „ phosphine, 63, 126. 

,, ,, ,, ,, oxide, 95. 

,, „ „ „ selenide, 95. 

„ „ „ „ sulphide, 95. 

„ „ „ phosphorbetaine and derivatives, 76. 

,, ,, ,, pho8phorketol)etaine and derivatives, 79. 

„ -m-xylylphosphiiie, 53. 

„ -jy- „ „ and derivatives, 53. 

„ -w- „ „ oxide, 96. 

ft 'P' ft ft ft t 97. 

,, -m- „ „ sulphide, 96. 

ft 'P‘ ft tt tt t 97. 

o-Xylene triethylphosphonium hydroxide and derivatives, 13. 
„ Xylyldichlorophosphine, 85. 
ni- ,, „ ,, ,, , .57, 85, 116. 

p- „ ,, „ ,, and derivatives, 85. 

1:2:4- „ „ „ „ ,116. 

„ „ „ „ , 116. 

ra- „ phosphinio acid and salts, 116. 

p- „ ,, ,, ,, derivatives, 117. 

m~ „ phosphinous acid, 105. 

p- „ „ „ , 106. 


Antimony, 

3- Acetamido-4-hydroxyphenyl8tibinic acid, 233. 

2- „ „ methoxy „ ‘ „ „ , 237. 

tt tt *-* tt tt ft tt t * • 

4- ,, phenylarsenoantiinonious bromide, 248. 

,, „ ,, di-iodostibine, 248. 

„ ,, ,, stibinoar8eno-4-phenylglycine, 247. 

Acetophenone-4-stibinic acid, 237. 
p-Acetylaminophenyldichlorostibine hydrochloride, 212. 

4 or p- „ „ „ stibinic acid, 212, 229, 231, 247. 

p- „ „ ,, stibinoiis chloride hydrochloride, 260. 

„ „ „ „ „ thiobcnzenesulphonic acid, 260. 

„ tt tt tt tt salicylic acid, 260. 

4 or p- „ „ „ stibinoxide, 193, 214, 246. 

Allylthiocarbamino-p-aminophenylstibinic acid, 231. 

3- Amino-4'-acetamido-4-hydroxyar8enostibinobenzene, 246. 

m- „ benzenediazonium chloride-antimony chloride complex salt, 254. 

3- „ -4-chlorophenyldichlorostibine hydrochloride, 213, 241, 246. 

„ „ „ „ „ stibinoxide, 213, 246. 

„ ,, diphenylstibinic acid, 239. 

4- ,, „ -4'-Btibinic acid, 237. 

„ ,, „ stibinoxide, 241. 

„ „ -4-hydroxyphenylarseno-4'-acetamidostibinobenzene hydrochloride, 248. 

„ ,, „ „ „ „ antimonious acetate hydrochloride, 248. 

» „ „ „ „ „ „ chloride „ , 249. 

„ „ „ „ „ „ stibinobenzene, 247,248, 

„ „ „ „ „ dichloroatibine hydrochloride, 212. 

„ ,, „ „ „ stibinic acid, 233, 245. 

3 or m- „ phenyldichlorostibine, 212, 23^ 

„ „ „ „ „ hydrochloride, 210, 272-214, 216, 228, 244, 245, 254. 

P- tt tt tt tt tt 1 212. 

„ „ „ di-iodo „ hydriodide, 212. 

2- „ „ stibinic acid and derivatives, 228. 

3 or w- „ „ „ „ „ „ , 220, 228, 229,237. 

4orp. „ „ „ „ „ „ , 220,227, 229-231, 260-252. 

tt tt »* t* tt m dyes from, 252. 
w- „ ,, „ chloride hydrochloride, 220. 

P" tt tt tt tt tt t 220. 

,t tt tt stibinous tbiobenzenesulphonic acid, 260. 
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m-Aminophenylstibinoiis thiosalicylic acid hydrochloride, 260. 

-p- „ „ „ ,> , 260. 

m- „ „ stibinoxide, 193, 213, 237, 245. 

it -4-piperidinophenylstibinic acid, 235. 

Ammonium clilorophonyl chloroantimonate, 220. 

„ /^-naphthyl „ „ , 290. 

„ phenyl „ „ , 219. 

p-Anisylstibinic acid, 236. 

Antimony cacodyl, 187. 

„ cyclopentamc thy lone chloride, 292. 

,, tri-2-thienyl, 291. 

„ „ „ ,, dibromide, 292. 

„ „ „ ,, (lichloride, 292. 

„ „ „ „ oxide, 292. 

4-Arsenophcnylstibinous oxide, 249. 

llenzanilide-pp'-distibinouB oxide, 293. 
p-Benzenediazonium chloride-antimony chloride c-omplex salt, 254. 

„ sulphonyl-p-aminophcnylstibinic acid, 231. 

Bonzophenoiie-pp-distibinic acid, 293. 
Bis-4-amino-3-carbomethoxyphcnylarsenoantimonide, 249. 

„ -3- „ -4-hydroxy „ „ „ , 249. 

,, dimethylstibine trisulphide, 187. 

„ phenylazomethine-pp'-distibinous oxide, 293. 

„ tri-'/i-butylstibinedichloroplatinum, 170. 

,, trimothyl „ „ i)alladium, 170. 

„ „ „ „ platinum, 170. 

,, -2 : 2"-xenylepo8tibine oxide, 259. 

4-Bromophenyl8tibinic acid, 227. 

Carbamide p-acetamidophenylstibinate, 232. 

„ p-hydroxy „ „ , 232. 

„ p-m-sulphometliylaminophenylstibinic acid, 232. 
wi-Oarbamidophcnylstibinic acid, 231. 

Carbethoxy-p-aminophcnylstibinic acid, 231, 237. 

4- „ aminodiphcnyl-4'-stibinic acid, 237. 

p- ,, phcnylstibinic acid, 237, 

Carbobutoxy-p-aminophenylstibinic acid, 231. 

„ wobutoxy-p-aminophenylatibinic acid, 231. 

„ -j^-chloroethoxy-p-aminophenylstibinici acid, 231. 

5- „ hydrazine-diphenylene-pp-distibinic acid, 293. 

„ -y-chloropropoxy-p-aminophenylstibinic acid, 231. 

„ metboxy „ „ ,, „ „ , 231. 

„ propoxy „ „ „ „ „ ,231. 

„ wopropo.xy „ „ „ „ „ ,231. 

Carboxymcthylencoxyphcnyl-4-stibinic acid, 232. 
p- „ methylphcnylstibinic acid, 237. 

4:4'- ,, „ stibinobcnzene, 244. 

,, phenyldi-iodostibine, 292. 

-Chloro-m-amino-benzenediazonium chloride-antimony chloride complex salt, 253. 
4'- „ -3'- „ -4-hydroxyarsenostibinobenzene, 245, 240. 

,, „ -3 ; 3'-diamino-4-hydroxyarsenostibinobenzene, 246. 

4- „ -3-nitrophcnylstibinic acid, 235. 

„ „ „ „ „ „ chloride hydrochloride, 255, 253. 

,, -w-phenylenestibinic acid, 241. 

4- „ phcnylstibinic acid, 226, 227, 234. 

p- „ „ „ chloride, 220. 

4- „ ,, „ oxychloride, 226. 

3:3'-Diacetamidostibinobenzene, 244. 

Di-p-acetylaminodiphenylbromostibine hydrobromide, 217. 

,t „ M it it chloro „ hydrochloride, 216, 217. 

4 : 4'-I)iacetylamino „ stibinic acid, 240. 

M „ „ „ „ chloride, 241. 

„ „ „ „ stibinous hydroxide, 218. 

», „ „ „ stibinoxide, 210,212, 240. 






SUBJECT INBEX. 

3 : 3'-Diamino-4 : 4'-dihyclroxyarsenostibinobenzene, 246. 

„ ,, „ „ stibinobenzene, 245. 

w-Diaminodiphenylchlorostibine, 210. 
Di-m-aminodiphenylchlorostibine, 212. 

M „ „ „ tf »> dihydrochloride, 216. 

3 ; 3'-I)iammodiphenylstibinic acid, 217, 221, 240. 

„ „ „ „ chloride hydrochloride, 221, 240. 

Di-w-aminodiphenylstibinous hydroxide, 217. 

„ „ „ „ stibinoxide, 217, 240. 

3 : 3'-i)iamino-4-hydroxyarsenoatibinobeiizene, 245. 

„ „ stibinobenzene, 243. 

4:4'- „ „ „ , 244. 

Di-biphenylchlorostibine, 218, 221. 

,, „ stihinic acid, 242. 

„ „ „ chloride, 221. 

,, „ stibinoxide, 218. 

3:5- l)ichloro-4-acetamidophenylstibinic acid, 235. 

2 : 2'- ,, diphenylstibinic acid, 239. 

,, ,, ,, ,, chloride, 239. 

4: 4'-Dihydroxyatibinoarsenobenzene, 247. 

3 : 3 -Dimothoxydiphenyleno-4 : 4'-distibinous oxide, 293. 

Dimethylbromostibine, 185, 187. 
chloro „ , 185. 

cyano ,, , 185. 

3:3- „ diphenylcne-4 : 4'-distibmous oxide, 293. 

iodostibine, 185, 187. 
stibino oxide, 187. 

„ oxybromide, 185, 187. 

„ „ chloride, 185. 

„ ,, cyanide, 186. 

„ „ iodide, 185. 

stibinic bromide, 184, 185, 261. 

„ chloride, 184, 185, 

„ iodide, 184. 

3 : 3'-i)initrodiphenylstibinic acid, 240. 

2:4- ,, phenylstibinic acid, 236. 

Diphenylchloroatibine, 216, 217, 221. 

Uiphcnylene -pj)-{pp- distibinotetraphenylenc), 293. 
Diphenylethylstibinc, 199. 

,, ,, ,, di bromide, 210. 

„ „ „ dichlorido, 210. 

4:4'- ,, methanedistibinic acid, 237. 

,, ,, -pp-distibinous oxide, 293. 

„ ,, -ppp-tristibinous oxide, 293. 

,, methylstibine, 198. 

„ „ „ dibroraide, 209. 

„ „ „ dichloride, 209. 

„ stibinic acid, 220, 238, 239, 240. 

„ „ chloride, 216, 220, 238, 239. 

„ stibinous acetate, 218. 

„ „ sulphide, 218. 

„ stibinoxide, 213, 216, 217, 218. 

„ -m-tolylmethylcarbinol-ppp-tristibinic acid, 293. 
Di-p-tolylbromostibine, 218. 


>» »» 

„ chloro „ , 218. 

„ -0- 

„ ethyl „ , 289. 

,, -m- 

ft tf ft 1 289. 

-P- 

tt ft ft t 289. 

ff ft 

„ iodo „ , 218. 

f* ft 

„ stibinic acid, 242. 

ft ft 

„ „ chloride, 221. 

l)ixenyl-o-chlorostibine, 259. 

ft 

„ iodo „ , 259. 

ft 

„ stibinio chloride, 259. 


3il 
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Ethyldi-n-amylstibiiie, 289. 

„ butyl „ , 289. 

„ „ cyclohexyistibine, 289. 

Ethylenediammophenylene-4 : 4'-di8tibinou8 oxide, 293. 
Ethyltri-n-propyJstibonium chloroplatinate, 183. 

„ „ „ „ hydroxide, 183. 

„ „ „ „ iodide, 183. 

Hydrazobenzene-p^Z-distibinous oxide, 293. 

„ dicarbonamino-diphenylene-^p-distibinic acid, 293. 

l-Hydroxy-2-aoetophenone-4-stibinic acid, 237. 

4' „ -3-aininoazobenzene-4'“8tibinic acid, 252. 

„ „ azol)enzenc-4'-8tibinic acid, 252. 

,, „ benzeneazo-4'-mothoxyphenyl-2^-stibinic acid, 260. 

3- ,, -1 : 4-benzisoxazine-6-stibmic acid, 255. 

4- ,, -3-carboxyazob(mzene-4'>stibinic acid, 252. 

,, „ -2-cbloroazo „ „ „ „ , 252. 

P‘p- „ etbylaminophenylstibinic acid, 231. 

4- „ -3-methylazobenzene-4'-stibinic acid, 252. 

„ „ „ nitroazo „ ,, ,, ,, , 252. 

„ „ phenylarsenostibinobenzene, 247. 

p- ,, ,, dichlorostibine, 260. 

„ „ „ di-iodosiibine, 260. 

4- ,, phenylene-l-arsinic acid-3-stibinic acid, 251. 

„ ,, phcnylstibincarsino, 250. 

4(or p)- ,, „ stibinic acid, 232, 247. 

yj- ,, „ fitibinoua jy-thiobcnzenesulphonic acid, 260. 

,, ,, „ „ thiosalicylic acid, 260. 

7>-y- »> propylaminophcnylstibinic acid, 231. 

3-Mothoxy-6-acetamidophenylstibinic acid, 250. 

Methylcycjlopeniamethylene stibine, 292. 

„ dibromostibine, 184. 

,, dichloro „ ,184. 

„ di-iodo ,, , 184. 

Mcthylenediaminophenylene-4 : 4'-distibinous oxide, 293. 

„ stibine sulphide, 185, 

„ stibinoxide, 184. 

„ tri-rt-amvlatibonium chloroplatinate, hydroxide, iodide, 8uli)hate, 183. 

„ „ „ butyl „ chloroidatinate, hydroxide, iodide, 183. 

„ „ -iso „ ,, chloroplatinate, iodide, mercurichloride, mercuri- 

iodide, 289. 

„ „ ethylstibonium acetate, acid oxalate, butyrate, carbonate, chloride, 

formate, hydrosulphidc, hydroxide, iodide, nitrate, normal oxalate, 
sulphate, tartrate, 182. 

„ tri-zi-propylstibonium antimonyl d-tartrate, 290. 

„ „ „ „ chloroplatinate, hydroxide, iodide, sulphate, 183, 

1 : 4-Naphthylene-di8tibinic acid, 293. 
a-Naphthylstibinic acid, 237, 244. 

P- » „ ,, ,289. 

„ „ stibinoxide, 290. 

3-Nitro-4-acetylaminophenylstibiriic acid, 233, 234. 

„ „ „ chloro „ „ „ , 213, 220, 232, 234. 

„ „ „ „ „ stibine tetrachloride, 233. 

„ „ ethylamino „ stibinic acid, 236. 

„ „ „ hydroxy „ „ „ , 212, 232, 233, 245, 246. 

„ ,, „ methylamino „ „ „ , 235. 

„ „ phenylene-l-arsinic acid-4-stibmic acid, 251. 

2- „ phenylstibinic acid, 220, 227, 

3- „ „ „ ., ,210,212.220,227. 

4- „ „ „ „ ,m,244. 

o- „ „ „ chloride, 220. 

m- „ „ „ „ , 220. 

„ „ „ trimethylstibonium picrate, 184. 

3- „ -4-piperi(linophenylstibmio acid, 235. 
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o-0xybenzylidene-j)-amiiiophenyl8tibinic acid, 231. 


p-Phenetylatibinic acid, 236. 

„ „ „ chloride, 236. 

Phenyl-1 -ar8enoxide-4-stibinoxide, 249. 
arsinicstibinic acid, 260. 
cyclopentamethylene stibine, 253. 

„ „ „ „ dichloridc, 253. 

„ „ „ „ oxide, 263. 

„ teira „ „ , 262. 

dichlorostibino, 198, 211, 213, 219, 248, 252, 253. 
diethyl „ . 184, 198. 

„ „ dibromide, 209. 

,, ,, dichloride, 209. 

„ „ di-iodide, 209. 

di-iodofetibine, 211. 
dimethylethylstibonium iodide, 184. 

„ stibine, 183, 198, 209. 

„ ,, cyanobromide, 292. 

„ „ dibromide, 209. 

„ „ dichloride, 209. 

„ ,, di-iodide, 209. 

p-Phenylenearsinicstibinic acid, 250. 
w-Phenylenedistibinic acid, 293. 

P- „ „ „ ,293. 

N-l*henylglycineamide-m-stibinic acid, 229. 

»» ,, ~P' ,, ,» , 231. 

,, methylamide-m-stibinic acid, 229. 
methylcyanostibine, 292. 

„ diethylstibonium iodide, 184. 
-w-phcnylenestibinic acid, 241. 
stibinic acid, 213, 214, 219, 224-226, 243. 

,, chloride, 219. 

„ oxychloride, 225. 
stibinous sulphide, 213. 

„ thiobenzcnesulphonic acid, 260. 

„ thiosalicylic acid, 260. 

stibinoxido, 192, 211, 213, 217, 239, 243, 247. 
trimethylstibonium iodide, 183. 

Potassium 3-nitro-4-hydroxyphenylstibinate, 233. 


Quinolino-5-stibinic acid, 255. 

-6- „ „ , 256. 

-8- „ „ , 256. 

-6- „ chloride hydrochloride, 265. 

-6- „ „ „ , 256. 

-8- ,, „ ,, , 256. 


Stibinobonzene, 243, 

1- „ naphthalene, 244. 

Stiibene-4 ; 4^-distibinic acid, 293. 

,, „ distibinous oxide, 293. 

Sodium 2-acetamidoazobenzene-5 : 4'-distibinate, 250. 

„ 4-acetylaminophenylstibinatc, 234, 260. 

,, benzylbenzoate-2-stibinate, 231. 

,, „ -3- „ , 231. 

„ „ -4- „ , 231. 

„ „ -5'- „ , 231. 

„ 3-bromo-4-acetanudophenyl6tibinate, 236. 

„ „ carbobenzyloxy-4-acetamidophenyl8tibinate, 293. 

„ „ „ „ wobutyramidophenylstibinate, 293. 

„ „ „ „ propion „ „ „ , 293. 

„ 3:5-dibromo „ acetamido „ „ , 236. 

,, ,, di-iodo ,, „ „ ,, , 236. 

„ “3-iodo „ ,, ,, ,, , 236. 

„ -p-a>-$ulphomethylaminopbenylBt ibinate, 232. 
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Teira-amyldistibino, 187.. 

„ „ „ oxide, 187. 

3:3':5:5'-TetrachlorO'4 : 4'-dianisyl8tibinic chloride, 221. 

„ ,, ,, ,, diinethoxydipbenylstibinic acid, 242. 

Tetracthylstibonium hyckcixide and derivatives, 180^ ISJ. 

„ kistrimethylstibinepalladous chloride, 170. 

,, ,, ,, ,, platinoiis chloride, 170. 

„ „ ,, „ „ palladochloride, 170. 

„ „ „ „ „ platinochloride, 170. 

,, kis-o-xenylstibine oxide, 2i>8. 

„ mcthyldistibine, 187. 

„ „ stibonium hydroxide and derivatives, 179, 180. 

„ „ iodide, 179, 187. 

„ phenyldistibinc, 216, 217. 

„ propylstiboniiim hydroxide and derivatives, 181, 182. 
l-^-Tolylcyclo-2 : h-dithio-S : 4-dimethyleneatibine, 292. 

^;-Tolyldichlorostibine, 214. 

„ „ stibinic acid, 236. 

,, ,, ,, oxychloride, 236. 

Tri-/>-acetylaTninotriphenylHtibine, 193, 206, 216. 

„ „ „ „ „ „ liydroxidc, 206. 

,, -7a-aminotriphonylstibine, 189, 193, 206. 

„ „ „ M -i^toiyl „ , 194. 

»» -6- „ „ -»i-xylyl „ , 189, 196, 208; tribcnzoyl derivative, 196. 

„ -a-amylstibine, 172, 187. 

„ “iso „ „ 172, 178. 

„ -n* ,, ,, dibromide, dichloride, oxide, 178. 

„ -iso „ „ oxide and,derivatives, 178. 

„ -n- „ stibinic raetantimonate, 178. 

„ -j>-anisylstibine, 195, 221; mercurichloride, J95. 

,, ,, ,, ,, di bromide, dichlorido, di-iodide, 201. 

„ „ ,, „ dinitrate, oxide, 207. 

Tribenzylstibine dichloride, 201. 

„ „ di hydroxide, oxide, 207. 

Tri-4-biphenylstibine, 198, 214. 

,, „ „ „ dibromide, dichloride, di-iodide, 202. 

,, ,, ,, ,, dihydroxide, sulphide, 209. 

„ -O-bromotri-h-nitrotri-w-xylylstibinc dibromidt*, 202. 

,, ,, ,, ,} ,% ,, ,, ,, oxide, 189, 208. 

„ -n-butylstibine, 172. 

„ -iso „ „ , 172. 

„ -n- „ „ dibromide, dichloride, di-iodide, 177. 

„ -iso „ „ „ „ „ , 289. 

„ -n „ „ oxide, 177. 

,, -iso ,, ,, ,, , 289, 

„ -n- „ stibinic inetantimonate, 177, 183. 

Tricamphorylstibine diehloride, 203. 

Triethylstibine, 170, 174-176, 181, 182. 

„ „ di-iodide, 175, 189. 

„ ,, oxide, 174, 176. 

„ „ salts, 175-177. 

Tri-w-hexylstibine, 172. 

„ -Tw-iodotri-p-tolylstibiuc, 189, 194. 

„ -5- „ „ -m-xylyl „ , 189, 196. 

„ -df-)3-methylbutylstibme, 172. 

„ „ ,: ,172. 

»-y- „ „ , 172. 

„ methylstibine, 168, 169, 170, 174, 179, 187. 

„ „ „ , compound with cyanogen iodide, 174. 

„ „ „ dibromide, 173, 185; dichloride, 168, 173, 186; di-iodide, 168. 

„ „ „ , other salts derived from, 173, 174. 

„ -a-naphthylstibine, 197. 

„ „ „ „ dichloride, 202. 

»» „ oxide, 209. 

„ -m-nitrotriphenylstibine dihydroxide, 206. 

„ „ „ „ „ dinitrate, 192. 
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Tri-m-nitrotriphenylstibinic acid, 189, 193, 

tri-p-tolylstibine dinitrato, 194, 207. 

„ „ „ „ oxide, 207. 

-6- „ tri-w-xylyl ,, , 189, 190. 

„ „ ,, ,, diacetate, oxide, 208. 

„ „ „ „ dinitrate, 189, 196, 20H. 

-p-phcnetylstibine dichloride, 201. 

„ „ „ dinitrate, 207. 

, phenylphosphine-mwm-tristibinic acid, 293. 

„ stibine, 189, 190-192, 200, 203-205, 216, 217. 

„ „ dichloride, 191, 192, 2(^0, 205. 

„ „ , derivatives from, 200-205. 

,, ,, -mmm-tristibinic acid, 293. 

picryltri-S-aminotri-m-xylylstibine, 197; potassium salt, 197. 

„* „ „ „ „ „ „ dibromido, 202. 

-n-propylstibine, 171, 177, 183. 

„ „ „ derivatives, 177. 

„ „ stibinic metantimonate, 177. 

,, „ ,, metathioantimonate, 177. 

-o-tolylstibine, 193; niercurichlorido, 189, 194. 

194* 194. 

, 194, 207, 214, 221, 242; mercurichloride, 194. 
dibromide, dichloride, di-iodide, 200. 


-m- 

.p. 

- 0 - 

- 7 ) 1 - 

-p- 


, 201 ; 
, 201 ; 


, 200 ; 

, 201, 218; 


-o- „ oxide, 206. 

-7)1- „ „ and derivatives, 206, 207. 

-P- „ „ „ „ » 207. 

-m-xylylstibine, 195; mercurichloride, 196. 

-P- „ , 197, 

-m- „ dibromide, 202; dichloride, 201. 

-p- „ dichloride, 202. 


, 201 . 
„ , 201 ; 
201 . 


hydroxyiodide. 


Xonyl-o-dichlorostibine, 258, 259. 

„ „ di-iodo ,, , 258. 

Xenylenechlorostibine, 258, 259. 

,, iodo ,, , 258. 

,, methyl ,, , 258, 

„ „ „ dibromide, 258. 

„ -o-xeiiyldichlorostibine, 259. 

2 : 2'- „ „ „ stibine, 259. 

Xenyl-o-stibine ammonium pentachloride, 258. 
„ „ „ tetrachloride, 258. 

„ „ stibinic acid, 256, 258. 


Bismuth. 

4-Acetylaminophenylarsenobi8muth bromide, 286. 
3-AminO“4-hydroxyphenylarsenobismuth chloride hydrocliloride, 286. 
t«oAmyldibromobismuthine, 270. 

Bismuth tri-2-thienyl, 292. 
t^oButyldibromobismuthine, 270. 

^•Chlorophenyldibromobismuthine, 276, 278. 

Di'i^oamylbromobismuthine, 269. 

„ „ butyl „ „ , 269. 

„ -p-chlorophenylbromobismuthine, 276, 278. 

,, ,, ,, ,, iodo „ , 278. 

Diethylbromobismuthine, 269. 

Dimethyl „ „ , 269. 

„ ohloro „ , 269. 

„ hydroxy „ , 269. 
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Di-a-naphthylchlorobismuthine, 276, 278. 

Dinitrotriphenylbismuthine dichloride, 280. 

„ „ „ dinitrate, 280. 

Diphenylbromobismuthine, 265, 277. 

„ chloro „ , 265, 277. 

„ cyano „ , 265, 277. 

iodo „ , 265, 277. 

„ -a-naphthylbismuthine, 275, 285. 

„ „ „ dibromide, dicliloride, 286. 

„ thiocyano „ , 265, 277. 

Di-p-tolylchlorobismuthinc, 278. 

Ethylbismuthine dinitraie, 270. 

„ „ oxide, 270. 

„ cyclopentamethylene bismuth, 285. 

,, dibromobismuthinc, 285. 

„ dichloro „ , 270. 

„ di-iodo „ , 270. 

Methylbismuthine oxide, 270. 

„ dibromobismuthinc, 270. 

„ dichloro „ , 269. 

„ di-iodo „ , 270. 

a-Naphthyldibromobismuthino, 275, 275. 

Phenyldibromobismuthinc, 265, 275. 

p-Tolyldichlorobisnmthine, 276. 

Tri-i«oamylbiamuthine, 269. 

„ -w- „ , , 29J. 

„ -o-anisyl „ , 275, 283. 

»» >♦ »» > 273. 

„ -o- „ ,, dibromide, dichloride, 283. 

-P- M » „ , 283. 

,, -p.bromophenylbismuthine, 272. 

„ -w-butylbismuthine, 291. 

„ -im „ „ , 255, 270. 

„ -p-carbomethoxytriphenylbiamuthinc, 283. 

„ -o-carboxy „ „ dichloride, 282. 

M -V- ». „ » 283. 

„ „ chlorophenylbismuthine, 271, 276, 278. 

,, ,, cumylbismuthine, 274. 

• „ „ „ „ dibromide, dichloride, 284. 

Triethylbismuthine, 268. 

„ „ sulphide, 268. 

Trimethyl „ , 255, 269. 

Tri-a-naphthylbismuthine, 274, 275, 276, 284, 285. 

„ -P- „ „ , 275. 

„ -a- „ „ dibromide, 267, 276, 284; dichloride, 267, 284. 

„ „ „ „ mercurichloride, 275. 

Trinitrotri-p-carbomethoxytriphenylbismuthine dinitrate, 283. 

„ „ „ carboxy „ „ „ , 283. 

„ -p-nitrotriphenylbismuthine, 272. 

„ ,, „ „ „ dichloride, 272. 

Trinitro „ „ „ , dinitrate, 280. 

„ tri-o-tolyl „ „ , 281. 

„ -2-nitrotri-p-tolyl „ , 273. 

TVinitrotri- „ „ „ dichloride, dinitrate, 283. 

Tri-p-phepetylbismuthine, 274. 

Triphenylbismuthine, 267, 271, 272, 276-277, 280, 281. 

„ carbonate, 279, 280; diacetate, sulphate, 280; dibenzoate, 
dicyanate, 281; dinitrate, 279. 

„ „ dibromide, 266,267,277, 279. 

„ „ dichloride, 265, 267,277-275. 

„ „ difluoride, 267, 278. 

M M hydroxybromide, hydroxyohloride, 267, 279. 
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Tri-w-propylbismuthine, 290. 
a^-Tristyrylbismuthine, 285. 

Tri-a-thienylbismuthine, 275. 

,, -o-tolylbismuthine, 272, 281. 

„ -m- „ „ , 273. 

„ -p- „ „ , 273, 276. 

,, ’O- ,, ,, ■ dibromide, 281; dichloride, 281, 282; dinifcrate, 281; 

mercurichloride, 272. 

„ -m- „ „ diacetate, dibromide, dichloride, 282. 

„ -p- „ ,, „ „ , 282; dichloride, 282, 283; di¬ 

nitrate, 282, 283; hydroxy bromide, 
hydroxychloride, 282. 

„ -m-xylyl „ , 274; mercurichloride, 274. 

„ -p- „ bismuthine, 274. 

,, -w- ,, „ dibromide, dichloride, hydroxybromide, 284. 

-p* », „ , 284. 

Tris-3-amino-4-hydroxyphenylar8enodibi8muth dihydrochlorido, 286. 
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